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Early Probiotic Supplementation 
for Eczema and Asthma Prevention: 
A Randomized Controlled Trial
Michael D. Cabana, MD, MPH, a, b, c Michelle McKean, RD, MPH, a Aaron B. Caughey, MD, PhD, d Lawrence Fong, MD, 
e Susan Lynch, PhD, e Angela Wong, MD, f Russell Leong, MD, g Homer A. Boushey, MD, e Joan F. Hilton, ScD, MPHb

OBJECTIVES: To determine if probiotic administration during the first 6 months of life 
decreases childhood asthma and eczema.
METHODS: We conducted a randomized, double-blind controlled trial of Lactobacillus 
rhamnosus GG (LGG) supplementation on the cumulative incidence of eczema (primary 
end point) and asthma and rhinitis (secondary end points) in high-risk infants. For the first 
6 months of life, intervention infants (n = 92) received a daily dose of 10 billion colony-
forming units of LGG and 225 mg of inulin (Amerifit Brands, Cromwell, CT), and control 
infants (n = 92) received 325 mg of inulin alone. We used survival analysis methods to 
estimate disease incidences in the presence or absence of LGG and to estimate the efficacy 
of LGG in delaying or preventing these diseases.
RESULTS: Infants were accrued over a 6-year period (median follow-up: 4.6 years; 95% 
retention rate at 2 years). At 2 years of age, the estimated cumulative incidence of eczema 
was 30.9% (95% confidence interval [CI], 21.4%–40.4%) in the control arm and 28.7% 
(95% CI, 19.4%–38.0%) in the LGG arm, for a hazard ratio of 0.95 (95% CI, 0.59–1.53) 
(log-rank P = .83). At 5 years of age, the cumulative incidence of asthma was 17.4% (95% 
CI, 7.6%–27.1%) in the control arm and 9.7% (95% CI, 2.7%–16.6%) in the LGG arm, for a 
hazard ratio of 0.88 (95% CI, 0.41–1.87) (log-rank P = .25).
CONCLUSIONS: For high-risk infants, early LGG supplementation for the first 6 months of life 
does not appear to prevent the development of eczema or asthma at 2 years of age.
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What’s KnOWn On thIs subject: On the basis 
of the hygiene hypothesis, probiotic exposure may 
affect immune system development and subsequent 
risk for allergic disease; however, recent trials 
of the probiotic Lactobacillus rhamnosus GG 
supplementation in decreasing the risk of childhood 
eczema and asthma have yielded mixed results.

What thIs stuDy aDDs: For high-risk infants, 
early Lactobacillus rhamnosus GG supplementation 
does not appear to prevent eczema or asthma 
development at 2 years of age.

to cite: Cabana MD, McKean M, Caughey AB, et al. Early 
Probiotic Supplementation for Eczema and Asthma Pre-
vention: A Randomized Controlled Trial. Pediatrics. 2017; 
140(3):e20163000

https://doi.org/10.1542/peds.2016-3000


Probiotics are defined as “live 
microorganisms which when 
administered in adequate amounts 
confer a health benefit on the host.” 1 
Researchers in recent studies of early 
probiotic supplementation in infancy 
have investigated the potential 
benefit in decreasing the risk of 
allergic disease and early markers 
of asthma, such as eczema. On the 
basis of the hygiene hypothesis, 
which suggests that the absence of 
infectious exposure at a critical point 
in immune system development 
could lead to greater risk of allergic 
disease, it is thought that probiotic 
exposure could theoretically affect 
immune system development and 
reduce the subsequent risk for the 
development of allergic disease.2

In a randomized, controlled, double-
blind study of 159 newborns in 
Finland, Kalliomäki et al3 found that 
early Lactobacillus rhamnosus GG 
(LGG) exposure (1 × 1010 colony-
forming units of LGG per day) as 
a probiotic supplement in both 
pregnant women and their newborns 
led to a lower 2-year incidence of 
atopic disease, including eczema. In 
addition, researchers of follow-up 
studies found that such effects were 
sustained past infancy.4,  5 However, 
in a similar study from Germany, 
Kopp et al6 found no significant 
difference in the development 
of atopic dermatitis (odds ratio: 
0.96; 95% confidence interval [CI]: 
0.38–2.33) by 24 months of age. 
Although researchers in both studies 
recruited 105 women whose infants 
would be at high risk for asthma, 
the study populations differed 
geographically and by rates of 
breastfeeding exposure. For example, 
the average duration of breastfeeding 
was much longer in the study by 
Kopp et al6 (9.2 versus 6.4 months). 
The differences in these 2 study 
results suggest that the effects of 
probiotic supplementation may vary 
based on underlying environmental 
exposures.7,  8

We conducted the Trial of Infant 
Probiotic Supplementation (TIPS) 
Study to determine if probiotic 
administration during the first 6 
months of life can decrease the 
cumulative incidence of eczema and 
asthma in childhood. The study was 
conducted in a racially and ethnically 
diverse, urban area in the United 
States and, unlike previous studies, 
focused on infant supplementation 
only. We hypothesized that 6 months 
of infant probiotic supplementation 
would decrease the incidence of 
eczema in children at higher risk 
for allergic disease and, secondarily, 
would decrease the incidence of 
asthma and rhinitis.

MethODs

The TIPS Study is a randomized, 
double-masked, parallel-arm, 
controlled trial designed to 
evaluate the effectiveness of daily 
LGG supplementation for the first 
6 months of life to decrease the 
incidence of eczema, which is a 
potential early marker of asthma.

A description of the TIPS Study 
protocol has been previously 
published.9 Because of the extended 
time required to recruit patients, the 
average age of the participants was 
much older than anticipated. As a 
result, there were some modifications 
to the original protocol. We originally 
used “wheezing” as a secondary 
end point because it is part of an 
algorithm to determine the likelihood 
of later development of asthma in 
young children.10 Because of the 
older average participant age and 
because wheezing was considered 
an intermediate end point to help 
determine the likelihood of asthma, 
for this analysis, we used doctor-
diagnosed asthma as a more clinically 
meaningful secondary outcome. We 
studied asthma incidence through 5 
years of age instead of 3 years of age.

The TIPS Study protocol was 
approved by the University of 

California, San Francisco, Committee 
on Human Research.

Participants

We recruited pregnant women 
from the San Francisco, California, 
metropolitan area to identify 
potential participants. Eligible 
newborns had at least 1 biological 
parent who reported a history 
of asthma. Parents had to speak 
and read English or Spanish. 
After initial recruitment occurred 
during pregnancy, we completed 
final parental written, informed 
consent; screening; and random 
assignment of infants within 4 
days after the infant’s birth. Infant 
exclusion criteria included any 
major congenital birth deformities, 
acute illness at enrollment, or any 
condition affecting food intake or 
metabolism.

Group assignment was based on the 
output from a computer-generated 
randomization program that was 
accessed by the study coordinator 
once eligibility was confirmed 
and consent was obtained. Group 
allocation and the randomization 
sequence were concealed from 
the study staff and investigators 
to further eliminate conscious or 
unconscious selection bias. Subjects, 
parents, study staff, and investigators 
were blinded to group assignment.

Description of the Intervention

The intervention arm received a 
daily capsule of 10 billion colony-
forming units of LGG and 225 mg 
of inulin for the first 6 months of 
life (Amerifit Brands, Cromwell, 
CT). This is the same probiotic 
strain and dose used in 2 previously 
published trials.4,  6 The control arm 
received a 6-month course of daily 
capsules that contained 325 mg of 
inulin. Caregivers were instructed 
to dissolve the supplement (active 
or control) in 2 mL of pumped 
breast milk, infant formula, or water 
and feed it to the infants via oral 
syringe. To promote breastfeeding, 

CABANA et al2

Cabana et al
Early Probiotic Supplementation for Eczema 
and Asthma Prevention: A Randomized 
Controlled Trial

2017
https://doi.org/10.1542/peds.2016-3000

3
Pediatrics

ROUGH GALLEY PROOF
September 2017

140



all participating families were 
encouraged to breastfeed and were 
provided a breast pump. If families 
decided to use formula, we offered to 
provide a partially hydrolyzed whey 
infant formula, which did not have 
a probiotic or prebiotic supplement 
(Good Start Supreme; Nestlé, Vevey, 
Switzerland), to standardize the 
type of infant formula exposure and 
also limit the potential risk of atopic 
disease.11

The control capsule did not differ 
from the active capsule in terms of 
appearance, taste, smell, or texture. 
After the end of the intervention 
period at 6 months, parents were 
surveyed to determine if they 
could correctly identify whether 
they received the active or control 
capsules.

end Points

The primary outcome measure was 
the incidence of eczema within 2 
years of birth. Secondary outcomes 
were incidences of asthma and 
allergic rhinitis within 5 years of 
birth.

The diagnosis of eczema was based 
on repeated parental reports of the 
diagnosis of eczema by a clinician 
on 2 occasions or the presence of 
eczema on physical examination 
on the basis of standard criteria.12 
Similarly, diagnoses of asthma 
and allergic rhinitis were based 
on repeated parental reports of 
the diagnosis by a clinician on 2 
occasions. The clinicians were 
blinded to the participants’ group 
assignment.

The assessment of an outcome 
in each participant began at 
randomization and continued 
until either the outcome was 
diagnosed (“failure time”), 
until the study ended, or until a 
participant discontinued follow-up 
without a diagnosis (“censoring 
time”). Because participants who 
were accrued earlier had more 
assessments, we avoided bias by 

using survival analysis methods 
that account for variable lengths of 
follow-up.

Data collection

Demographic, household, and 
family history of allergic disease 
were collected from parents after 
the birth of an infant. Household 
characteristics included educational 
attainment of the parents, household 
income, and type of insurance. We 
reviewed each mother’s obstetric 
medical record to confirm the 
method of delivery.

To assess study outcomes, physical 
examinations were conducted by 
study clinicians at 1, 3, 6, 12, and 
24 months of age to assess for the 
presence of eczema. Additionally, 
we surveyed parents by telephone 
monthly during the first year of life 
and semiannually thereafter. Parents 
were asked about any diagnoses of 
asthma, allergic rhinitis, or eczema by 
a health care professional. Although 
it is possible that a new diagnosis 
of eczema, asthma, or rhinitis could 
have been identified during a study 
visit, in all cases, a child’s primary 
care provider was the clinician who 
first diagnosed and documented the 
presence of eczema or asthma.

To assess for potential confounding 
factors, parents were also asked 
about feeding practices. Each month 
during the first year of life, parents 
were asked about infant formula 
exposure with the question, “How 
are you feeding your baby?” Options 
included “breast milk only, ” “formula 
only, ” “combination, ” “other, ” or 
“does not apply.” We then asked the 
specific name of the formula and 
asked the parent to “please estimate 
how many ounces your baby drinks 
(or drank) per day.” We also asked 
parents to estimate “how many total 
weeks has your baby been taking the 
formula since we last spoke?”

The combination-fed infants were 
recoded into either breast milk-
only or formula-only categories 

by using the following approach: 
We developed a total fluid-intake 
estimate for the typical infant for 
each month in the first year of life 
based on the typical weight of a male 
or female infant that age, 13,  14  
the recommended energy intake 
for that age, and an estimate for 
the approximate caloric density of 
formula of 20 kcal/oz.15 Thus, for a 
1-month-old infant, the typical fluid 
intake would be estimated to be 18 
oz per day. If the infant’s parents 
described the feeding pattern as 
combination but fed <50% of the 
total expected daily volume for age 
from formula, then for the purposes 
of the analyses, the infant was 
considered a breastfed infant for that 
month; otherwise, the infant was 
considered a formula-fed infant for 
that month. No infant was considered 
breastfed for any month after 
formula-feeding began, according to 
this definition. In addition, if a parent 
reported exclusive breastfeeding in a 
month after a month of combination-
feeding, the all previous combination 
months were considered 
breastfeeding months.

sample size calculation

The study was designed to accrue 
participants for 2 years, follow 
infants for the incidence of outcomes 
for 2 additional years, and have 90% 
power by using a 2-sided 0.05-level 
log-rank test, which accounts for 
differing lengths of follow-up across 
participants. We based our sample 
size estimate on a previous study 
by Kalliomäki et al, 3 who reported 
that patients exposed to a probiotic 
intervention were less likely to 
develop eczema, which is a marker of 
increased risk for asthma, compared 
with controls (23% vs 46%). At a 
control 2-year cumulative incidence 
rate of 46%, 40 patients per arm 
would provide 90% power to detect 
a hazard ratio (HR) of 0.42. Gehring 
et al16 studied the effects of house 
dust endotoxins on 1884 healthy 
German newborns, of which 16% 
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developed eczema within 12 months; 
assuming a constant hazard, the 
2-year cumulative incidence among 
controls would be 29.4%. At this rate, 
100 patients per arm would provide 
90% power to detect an HR of 0.615 
(a reduction from 29% to 18%) and 
80% power to detect an HR of 0.655 
(a reduction from 29% to 19%). To 
be conservative, we relied on the 
lower estimate of eczema incidence 
among controls in selecting the 
sample size for the study.

analysis

Demographic and household 
characteristics and the prevalence 
of perinatal risk factors for atopic 
diagnoses of infant participants are 
described by study arm by using 
percentages for categorical variables 
and means and SDs for continuous 
variables.

To determine the effects of LGG on 
the times to cumulative incidence of 
each study outcome (eczema, asthma, 
and rhinitis), we conducted modified 
intention-to-treat analyses with all 
participants who received treatment 
analyzed in the study arm to which 
they had been randomly assigned.17 
We used survival analysis approaches 
to account for differing times to 
incident events across participants, 
assuming that censoring times were 
noninformative. Methods per arm 
included the Kaplan-Meier plots to 
estimate cumulative incidence rates 
and 95% CIs as landmark follow-up 
times, and methods to compare 
arms included Cox proportional 
hazard models to obtain maximum 
likelihood estimates of HRs and 95% 
CIs and nonparametric log-rank tests 
to estimate statistical significance.18

We conducted exploratory analyses 
to determine if LGG efficacy for 
prevention of atopic diagnoses 
(eczema or asthma) depended on 
risk factors. We used Cox models to 
examine the effect of the risk factor 
on the outcome and the risk-factor–
adjusted treatment effect for the 
following 2 risk factors: the type of 

delivery (cesarean versus vaginal) 
and duration of breastfeeding 
exposure, treated as a time-
dependent covariate to account for 
exposure ≤12 months of age.

To examine whether participants’ 
families remained blinded to study 
arm throughout the intervention 
period, we conducted within-arm 
tests of the null hypothesis that 
correct identification of study arm 
was random in 50% of each sample. 
We used SAS 9.4 (SAS Institute Inc, 
Cary, NC) for our analyses.

Results

From 2006 to 2012, we approached 
a total of 6458 potential mothers 
during pregnancy; of these, 3760 
were not interested, and 2480 were 
not eligible primarily because neither 
parent reported a history of asthma. 
Of the 218 eligible mothers recruited 
during the third trimester, 203 
(87%) allowed their eligible children 
to be randomly assigned into the 
study. Of the 203 randomly assigned 
infants, 10% of the mothers per arm 
discontinued their participation 
before treatment initiation, leaving 
184 infants who were randomly 
assigned and initiated treatment of 
analyses. Infants were accrued over a 
6-year period, resulting in a median 
follow-up time of 4.6 years with 95% 
of the infants followed for at least 2 
years, 77% for at least 3 years, and 
46% for at least 5 years. The last 
enrolled infant was followed for at 
least 2 years. During the course of the 
study, there were no major adverse 
events reported in either arm.

The intervention and control 
arms were similar in terms of the 
characteristics of the participants as 
well as their parents or households 
(Tables 1 and 2). Parents could select 
multiple races when describing their 
infants. For example, for 149 (81%) 
infants, parents selected “white”; 
however, for 57 of these infants, 
the parents selected an additional 
race in describing their infants. 

Overall, for 59 (32%) infants, the 
parents selected more than 1 race 
category. For 25% of the infants, the 
parents selected Hispanic in their 
descriptions of the infants’ ethnicity. 
In our study sample, parents 
reported high educational attainment 
and income. Specifically, the majority 
of mothers of the infants enrolled in 
the TIPS Study had received a college 
education. The mothers had mean 
age of 32.8 years when their children 
were born. Twenty one percent of 
households involved reported an 
income of up to $50 000 per year, and 
12.5% reported earning >$200 000 
per year.

In terms of the perinatal and 
postnatal course, ∼1 in 4 infants 
(26%) were born via cesarean 
delivery. For the 184 infants who 
did not withdraw before treatment 
initiation, the median duration of 
breastfeeding was 10.5 months and 
was similar in both arms (log-rank 
P = .48). By arm, 22% and 17% of 
infants in the control and probiotic 
arms, respectively, were weaned 
during the first month of life; 60% 
per arm were breastfed for at least 
6 months; and 45% and 51% of the 
infants in the control and probiotic 
arms were breastfed for at least 12 
months, respectively.

analyses of Outcomes

Among 184 participants over the 
entire 6-year observation period, 
eczema was diagnosed in 68 as of age 
2 years, and asthma was diagnosed 
in 27 as of age 5 years. Because there 
were few cases of allergic rhinitis  
(n = 9; with 5 in the control arm and 
4 in the intervention arm), we did not 
analyze the cumulative incidence.

The cumulative incidence of eczema 
increased during the first year of 
life and then plateaued (Fig 1). 
At 6 months of age, the estimated 
cumulative incidence of eczema was 
15.4% (95% CI, 8.0%–22.8%) in 
the control arm and 6.6% (95% CI, 
1.5%–11.7%) in the LGG arm. By 2 
years of age, the estimated cumulative 
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incidence of eczema was 30.9% (95% 
CI, 21.4%–40.4%) in the control arm 
and 28.7% (95% CI, 19.4%–38.0%) 
in the LGG arm, yielding an HR of 0.95 
(95% CI, 0.59–1.53; log-rank P = .83).

In contrast to eczema, the first case of 
asthma was diagnosed in a 2-year-old 
child (Fig 2). As of 5 years of age, the 
cumulative incidence of asthma was 
17.4% (95% CI, 7.6%–27.1%) in the 

control arm and 9.7% (95% CI, 2.7%–
16.6%) in the LGG arm. The mean 
HR for asthma over the course of 5 
years of follow-up was 0.88 (95% CI, 
0.41–1.87; log-rank P = .25).

Among the 27 participants diagnosed 
with asthma, 18 (67%) had an earlier 
diagnosis of eczema compared with 
50 (32%) of 157 not diagnosed 
with asthma during follow-up. 
As expected, the risk of asthma 
was greater among children who 
previously had eczema (HR 3.64; 
95% CI, 1.66–7.96).

We found the numbers of 
participants who were exclusively 
formula fed (n = 36) or born via 
cesarean delivery (n = 48) were too 
low to draw any firm conclusions 
from any exploratory analyses of the 
combined effect of LGG and the lack 
of breastfeeding or LGG and cesarean 
delivery. There were no major 
adverse events in either group.

blinding of Participants to study 
arm

After the intervention period was 
complete (when a child was 6 months 
of age), we asked parents if they 
thought their children had been 
randomly assigned to the control 
or the probiotic arm. In the control 
arm, 38 of 92 (41.2%) correctly 
guessed their assignment (P > .05). 
In the probiotic arm, 46 of 92 (50%) 
correctly guessed their assignment 
(P > .05).

DIscussIOn

Environmental factors during early 
infancy can affect immune system 
development and subsequent risk 
for allergic disease.19 The hygiene 
hypothesis suggests that the 
absence of infectious exposure at 
a critical point in immune system 
development leads to a greater 
risk for later development of 
atopic disease and asthma.20 In 
addition, a dearth of diversity in 
the infant intestinal microbiota 
has been associated with later 
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table 1  Infant Participant Characteristics by Study Arm

Control (n = 92) Probiotic (n = 92)

Boys 48 (52%) 44 (48%)
Racea

 White 77 (85%) 72 (78%)
 African American 10 (11%) 14 (15%)
 American Indian, Alaskan Native 12 (13%) 10 (11%)
 Asian 19 (21%) 22 (24%)
 Pacific Islander 4 (4%) 3 (3%)
 Other 8 (32%) 18 (20%)
Hispanic ethnicity 19 (21%) 27 (29%)
Gestational age, wk (SD) 38.9 (1.3) 39.0 (1.4)
Birth weight, g (SD) 3440 (442) 3427 (506)
Cesarean delivery 21 (23%) 27 (29%)
Mean number of months breastfeeding in first year of 

life (SD)
7.5 (5.1) 7.7 (4.9)

Breastfeeding exposure
 None 20 (22%) 16 (17%)
 <12 mo 31 (34%) 29 (32%)
 ≥12 mo 41 (45%) 47 (51%)

a The percentage of infants in each race category is >100%. Fifty-nine (32%) parents of these infants selected more than 
1 race when describing their infants.

table 2  Parental and Household Characteristics

Control (n = 92) Probiotic (n = 92)

Paternal historya

 Mean age at delivery, y 34.9 (5.7) 34.6 (6.9)
 History of asthma 35 (40%) 42 (47%)
 History of rhinitis 29 (33%) 30 (34%)
 History of eczema 15 (17%) 22 (25%)
Maternal history
 Mean age at delivery, y 33.0 (5.2) 32.6 (5.8)
 History of asthma 68 (74%) 68 (74%)
 History of rhinitis 41 (45%) 41 (45%)
 History of eczema 34 (37%) 25 (27%)
Maternal educationb

 Up to high school, vocational school 8 (9%) 11 (12%)
 Some college 17 (18%) 14 (15%)
 College graduate 29 (32%) 31 (34%)
 Graduate school 38 (41%) 36 (39%)
Household income per y, $
 <10 000 5 (6%) 8 (9%)
 10 001–50 000 13 (15%) 12 (14%)
 50 001–100 000 16 (18%) 18 (21%)
 100 001–150 000 24 (27%) 19 (22%)
 150 001–200 000 20 (23%) 19 (22%)
 >200 000 11 (12%) 12 (14%)
Household insurance
 Self-pay 0 0
 Private insurance 74 (81.5%) 69 (75.0%)
 Medicaid, SCHIP, HFP 17 (18.5%) 22 (23.9%)
 Military or other 0 1 (1.1%)

HFP, Healthy Families Program; SCHIP, State Children’s Health Insurance Program.
a Data missing from 9 fathers.
b Data missing from 1 mother.



increased risk of allergic disease.21 
Early infant supplementation with 
specific probiotic strains may be 
one potential mechanism to take 
advantage of the hygiene hypothesis 
and influence the risk of allergic 
disease early in life. However, 
we found that in infants with a 
parent with asthma, probiotic 
supplementation during the first 
6 months of life did not affect the 
incidence of eczema or asthma at 2 
years of age.

There have been mixed results 
regarding the effectiveness of 
early infant LGG supplementation 
in decreasing the likelihood of 
eczema.3,  6 In this study, the LGG 
supplementation only occurred in 
the postnatal phase, and prenatal 
intervention combined with 
postnatal intervention may be 
important in ensuring the effect of 
LGG. Maternal supplementation with 
LGG during the third trimester may 
be required to prime the maternal 
gastrointestinal and genitourinary 
tracts because the subsequent infant 
gastrointestinal colonization is 
associated with the characteristics of 
the maternal vaginal and intestinal 
microbiota.22 Similarly, a postnatal 
component may also be important 
for an effect. A randomized 
controlled trial of prenatal LGG 
supplementation, but not postnatal 
supplementation, for 250 pregnant 
women carrying infants at high risk 
for allergic disease did not have an 
effect on later risk of eczema.23

Other environmental factors 
also may affect the success of the 
LGG intervention. For example, 
mode of birth may influence the 
establishment of the infant gut 
microbiota and later risk for atopic 
disease.24 In addition, researchers in 
several studies suggest that elective 
cesarean delivery is associated 
with an increased risk of asthma.25 
Similarly, breastfeeding has a major 
influence on infant gut colonization 
through a variety of mechanisms, 
including vertical transfer of breast 
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FIGuRe 1
Cumulative incidence of eczema by the Kaplan-Meier method. At 2 years of age, the estimated 
cumulative incidence of eczema was 30.9% (95% CI, 21.4%–40.4%) for the control arm and 28.7% 
(95% CI, 19.4–38.0%) for the LGG arm, for an HR of 0.95 (95% CI, 0.59–1.53) (log-rank P = .83).

FIGuRe 2
Cumulative incidence of asthma by the Kaplan-Meier method. At 5 years of age, the cumulative 
incidence of asthma was 17.4% (95% CI, 7.6%–27.1%) in the control arm and 9.7% (95% CI, 2.7%–
16.6%) in the LGG arm, for an HR of 0.88 (95% CI, 0.41–1.87) (log-rank P = .25).



milk–associated microbial  
species.26,  27 Continued breastfeeding 
may overshadow the effect of daily 
supplementation with a single 
probiotic stain. The LGG intervention 
conducted by Kopp et al, 6 which had 
a negative result, included a study 
population with an average duration 
of breastfeeding of more than 9 
months, compared with the positive 
results from Kalliomäki et al, 3 which 
included a study population with an 
average duration of breastfeeding of 
6.4 months. In our study population, 
a large proportion of infants were 
exclusively breastfed for the first 
6 months. In addition, the median 
duration of breastfeeding was 10.5 
months, which more closely matches 
the population studied by Kopp et al.6 
Given the multitude of factors that 
may affect the risk of allergic disease, 
the effect of supplementation with a 
single probiotic species may only be 
discernable in high-risk infants who 
are also born into high-risk scenarios 
because of altered gastrointestinal 
microbiota development (eg, 
cesarean delivery, early broad 
spectrum antibiotic exposure, 28,  29  
and perhaps lack of breast milk 
exposure).

A strength of this study evolved from 
its slow accrual, which extended 
the expected median follow-up time 
from 2 to 4.3 years and allowed 
for estimation of the incidence of 
asthma among children who were 
at high risk of eczema at birth. In 
addition, the TIPS Study retention 
rates were high, as indicated by the 
long median follow-up time, which 
ensured absence of confounding 
because of select bias associated 
with loss to follow-up. Compared 

with similar studies, the TIPS Study 
sample of infants was more ethnically 
and racially diverse than other 
studies of LGG in infants to date, 
reflecting a large, urban population 
in the United States. However, the 
infants’ mothers were older, more 
affluent, and more educated than 
the typical population. As a result, it 
is difficult to extrapolate the results 
of this study to rural communities 
or low-income, urban settings. 
Finally, parents appeared to remain 
blinded to study arm throughout the 
intervention period.

Among the limitations of this study, 
the sample size calculation relied 
on previous findings reported by 
Kalliomäki et al3 and Gehring et al.16 
Our control-arm, 2-year cumulative 
incidence of eczema (31%) measured 
in San Francisco was similar to that 
of Gehring et al16 (29%), which was 
measured in Munich and Leipzig, 
Germany, but was much lower that 
of Kalliomäki et al3 (46%), which 
was measured in Turku, Finland. The 
TIPS Study was designed to have 
80% power to detect an HR <0.66, 
corresponding with a 10% absolute 
reduction in the 2-year cumulative 
incidence of eczema attributed to 
probiotic use.

In our study, the cumulative 
incidence of asthma at 5 years of 
age was estimated to be 17.4% in 
the control group and 9.7% in the 
probiotic group; however, the HR 
based on this difference was not 
statistically significant. A much larger 
sample size might be able to provide 
sufficient power to detect a difference 
in the cumulative incidence of asthma 
at 5 years of age.

Although we anticipated that the 
effect of LGG may be modified by 
the type of delivery, we did not 
stratify by delivery mode before 
randomization, and the study 
included only a limited number of 
infants born by cesarean delivery  
(n = 48); furthermore, the 
percentage of infants born via 
cesarean delivery in our study 
population was lower than the US 
national average (26% vs 32%).30 As 
a result, we did not have sufficient 
power to fully explore this issue. 
Finally, similar to other studies, we 
recruited children at high risk to 
increase the likelihood of seeing an 
effect in the intervention. Although 
the results of this study can only be 
extrapolated to those children born 
to at least 1 parent with asthma, 
it is assumed that any effects for 
lower-risk infants (eg, infants born 
to parents without asthma) are 
probably lower.

cOnclusIOns

In this study, which included 
infants with high breastfeeding 
rates and low cesarean delivery 
rates, our results do not support 
the use of early-life LGG probiotic 
supplementation for the prevention 
of asthma or eczema for all children 
at high risk.
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