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Partially Hydrolyzed 100% Whey Protein Infant Formula
and Reduced Risk of Atopic Dermatitis: A Meta-analysis

*Dominik D. Alexander and "Michael D. Cabana

ABSTRACT

Objective: A reduced risk of atopic dermatitis (AD) among healthy infants
who received 100% whey protein partially hydrolyzed formula (PHF-W)
compared with intact protein cow’s milk formula (CMF), has been reported
in several studies. To validate these observations and estimate the magnitude
of this potential association with greater statistical precision, we conducted a
meta-analysis of clinical trial and intervention studies.

Materials and Methods: A total of 18 articles representing 12 independent
study populations met our inclusion criteria.

Results: A statistically significant 44% (summary relative risk estimate
[SRRE]=0.56, 95% confidence interval 0.40—0.77) reduced risk of atopic
manifestations, which included AD, was found among infants receiving
PHF-W compared with infants receiving CMF. In a subanalysis of 4 studies
that reported results specifically for AD and that were considered of superior
methodological quality, the incidence of AD was reduced by 55%
(SRRE =0.45, 95% confidence interval 0.30—0.70).

Conclusions: Regardless of study design, infant population, follow-up time,
or study location, individual study findings were consistent because a
reduced incidence of AD was reported in all of the reviewed studies.
Exclusive breast-feeding should be encouraged as the standard for infant
nutrition in the first months of life. For infants who are not exclusively
breast-fed, feeding with PHF-W instead of CMF reduces the risk of AD in
infants, particularly in infants with a family history of allergy.

Key Words: allergy, atopic dermatitis, infant formula, meta-analysis,

nutrition

(JPGN 2010;50: 422—-430)

topic dermatitis (AD), often referred to as eczema, is a
chronic skin disease characterized by pruritic, inflamed skin
(1-3). AD is the most common chronic skin disease in children
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because approximately 20% of the infants and young children
experience symptoms of AD and >15 million people in the United
States are estimated to be affected (1). The incidence of AD has
steadily increased in the past 5 decades, particularly in developed
countries (4).

Although the specific cause or causes of AD are unknown, a
combination of genetic and environmental factors likely plays
significant roles in the pathogenesis of disease. In a large multi-
variate regression analysis, Moore et al (2) examined several pre-
and perinatal factors that may be associated with predicting AD
during the first 6 months of life, and the authors found that family
history of atopy, black and Asian race/ethnicity, male sex, and
higher gestational age at birth were associated with increasing the
risk of AD in the United States. Evidence regarding maternal diet
during pregnancy and the subsequent development of atopic disease
in infants has been equivocal (3).

Breast-feeding may confer a protective effect because studies
have shown a reduced incidence of AD among infants who were
exclusively breast-fed (3,5). In a recent meta-analysis of observa-
tional studies, breast-feeding was not significantly associated with a
reduced risk of AD across all of the studies, although when infants
who were breast-fed were compared with infants receiving con-
ventional formula, a statistically significant 30% reduced risk of AD
was observed (6). Although not all AD can be directly associated
with specific allergens, the most common food allergens associated
with AD are cow’s milk proteins, which also constitute the most
common protein source provided to infants who do not exclusively
breast-feed. Several formulas have been developed and used for
infants who are not exclusively breast-fed in an effort to decrease
the risk of allergy associated with cow’s milk protein. These
formulations consist of protein that has been hydrolyzed by enzy-
matic or other means to decrease their potential for allergenicity.

Chemical and enzymatic hydrolysis reduce the molecular
weight and the peptide size of cow’s milk protein (7), thus poten-
tially attenuating the allergenicity of the proteins. Hydrolyzed
infant formulas have lower-molecular-weight proteins than cow’s
milk formula (CMF), and can decrease potentially sensitizing
allergenic determinants. It has also been suggested that these
proteins processed by the gut-associated lymphoid tissue may
induce oral tolerance without sensitization (7). Some hydrolyzed
formulas, particularly extensively hydrolyzed protein formulas,
have been developed to manage cow’s milk protein allergy and
digestive disorders, and may also reduce allergy risk in healthy
infants. However, their nutritional profile is not designed for use as
a routine formula in healthy infants, limiting their application and
broad use as a prevention strategy in the majority of the population.
In contrast, partially hydrolyzed formulas have nutrient profiles
intended for routine use in healthy infants, although an adequate
comprehensive assessment of their efficacy in allergy risk reduction
is lacking, and are thus the focus of this meta-analysis.

The potential benefit of a hydrolyzed formula in allergy
prevention may be affected by 3 factors: protein source (eg, cow

JPGN ¢ Volume 50, Number 4, April 2010

Copyright © 2010 by Lippincott Williams & Wilkins.Unauthorized reproduction of this article is prohibited.


mailto:dalexander@exponent.com
mailto:dalexander@exponent.com
http://dx.doi.org/10.1097/MPG.0b013e3181cea52b

JPGN ¢ Volume 50, Number 4, April 2010

PHF-W and Reduced Risk of Atopic Dermatitis

casein, cow whey, or combinations thereof), method of hydrolysis
(eg, type of enzyme(s) used, temperature, pH), and degree of
hydrolysis. Therefore, the effect of such products can be adequately
demonstrated only by randomized controlled clinical trials or well-
conducted intervention follow-up studies with each specific for-
mulation. Previous meta-analyses (8) and qualitative reviews (3)
have conducted evaluations based on the combination of products
with varying protein sources and/or methods of hydrolysis. Thus,
interpreting results from these assessments is difficult and the
results may not correctly estimate the potential effect of specific
types of protein sources, degree, or methods of hydrolysis. Indeed,
in a Cochrane Collaboration review of hydrolyzed formula and
allergy prevention, a nonsignificant reduced incidence of eczema
was reported in an analysis of 6 studies (8). To update the state of
the science, we conducted a comprehensive meta-analysis of 18
publications representing 12 independent study populations to
specifically estimate the magnitude of AD risk reduction among
infants fed 100% whey protein partially hydrolyzed formula (PHF-
W) compared with infants fed intact protein CMF.

MATERIALS AND METHODS

Study Identification

We conducted a literature search through April 2009 using
the bibliographic database MEDLINE, specifying the following
terms: [infant formula] and [allergy] or [allergic manifestations] or
[atopic dermatitis] or [eczema]. In addition, the bibliographies of
recent reviews and individual published articles were assessed to
identify potentially relevant studies of infant formula and AD that
were not identified through electronic searches. A supplemental
search was conducted using Embase; however, no additional
relevant studies were identified using this search engine.

Clinical and observational epidemiologic peer-reviewed stu-
dies that met the following criteria were included: compared healthy
infants who received 100% PHF-W with infants who received intact
protein cow’s milk formula; reported results for AD (infant eczema)
or an outcome that included AD (eg, variable labeled ‘‘skin
symptoms” in infants that included AD); expressed results in the
form of a risk estimate (eg, relative risk [RR], odds ratio [OR]) with
an associated measure of variability (ie, confidence intervals [Cls]);
or provided incidence data in a manner such that risk estimates and
variability could be calculated. Studies that only reported findings
for a general category of ‘““allergy” or “allergic manifestations”
were obtained, although we focused our analyses on the incidence
of AD, as discussed below.

Of the studies identified as meeting the above criteria, 4 were
excluded. One study did not specify the protein source used (9) and 1
study used a partially hydrolyzed casein/whey protein hydrolysate for
which there were no other trials available, and thus provided insuffi-
cient data for a meta-analysis of this protein source (10). One study
was excluded that restricted its analysis to preterm infants (11). One
study (12) was excluded from our analyses based on unresolved
concerns regarding data integrity. A total of 18 articles, representing
clinical trial and intervention studies of 12 independent study popu-
lations and comprising approximately 1000 infants, were included in
subsequent analyses (Table 1) (13-27). If multiple studies examined
the same infant population, we extracted data from the most recent
publication and/or the most comprehensive analysis.

Data Extraction and Classification of Studies
A heterogeneous group of feeding methods (eg, conventio-

nal formula, extensively and partially hydrolyzed formula, breast-
feeding) and allergy-related outcomes (eg, AD, asthma, rhinitis)

www.jpgn.org

were evaluated both within and across the individual studies.
Therefore, we extracted data specific to our primary evaluation,
which was to examine the association between PHF-W and AD
compared with intact protein CMFE.

Estimates of risk (ie, RR and OR) and associated 95% ClIs
were extracted from the publications that represented distinct study
populations. In most studies (13-21), RR estimates were not
reported; however, incidence data were available that allowed for
the calculation of risk estimates and Cls. De Seta et al (16) reported
RRs and CIs in their study; we recalculated associations because the
Cls reported in their publication were not symmetric around the RR.
Chirico et al (15) reported O cases of eczema at 6 months among the
PHF-W group and Vandenplas et al (21) reported O cases of atopic
dermatological symptoms at 4 months among PHF-W-fed infants.
In the study by D’Agata et al (22), only a bar chart of allergic
symptoms was reported among the feeding categories, so we were
unable to extract data from the present study. The present study was
reviewed qualitatively but was not included in our meta-analysis.

We extracted data pertaining to multiple follow-up periods (if
such data were available) to evaluate the temporal association
between type of formula and AD. Specifically, incidence rates
of AD at or near 6 months of age, 12 months of age, or periods
>12 months of age were extracted and/or calculated. In addition, we
modeled the risk of AD based on data extracted from follow-up
periods that most closely captured the formula administration time
frame, where applicable. For example, if infants were fed exclu-
sively PHF-W for the first 4 months of life with dietary restrictions
and fed without restrictions after 4 months of life, and associations
for AD were reported for 6-, 12-, 18-, and 24-month intervals, then
we included data for the 6-month association for this particular
model. This analytical model was created to reduce the potential for
bias or confounding by the introduction of foods that may be
associated with atopic manifestations. Any bias that may result
from the introduction of solid foods would likely be nondifferential
(ie, bias associations closer to the null value of 1); thus, the
magnitude and direction of summary associations after 6 months
of age are clinically relevant. In addition, we created meta-analysis
models that allowed us to generate associations after the first year
and beyond. These models were constructed to evaluate the pro-
longed preventive effect of feeding with PHF-W.

After an extensive critical review of all of the studies that met
our criteria for inclusion, we systematically identified 6 studies
(13,14,18,23-25) representing 4 independent infant populations as
being methodologically superior and more informative in evaluat-
ing the relation between infant formula (PHF-W vs intact protein
CMF) and risk of AD. The studies were distinguished from the other
studies in that they used established clinical criteria to define AD (1)
and evaluated AD as an independent disease endpoint, exhibited
better control of potential bias and confounding, presented trans-
parent methodology, and compared the incidence of AD among
infants fed PHF-W with infants fed intact protein CMF. We con-
ducted a separate meta-analysis on these studies. In addition, we
conducted a sensitivity analysis using only data from studies that
incorporated random allocation of study formula into their design
(13-16,18,19,23-25), although 1 study (26) was not included in
this model because of limitations in a direct comparison between
study formulas.

Statistical Analysis

We created meta-analysis models that included all of the
studies that met our inclusion criteria and models that included the
6 studies identified as being the most appropriate for evaluating our
hypothesis of interest. As mentioned above, we stratified our
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A a5 analyses based on results reported at various follow-up periods
g = g throughout each study. Random effects models were used to
- Z 3§ < 2 calculate summary relative risk estimates (SRRE), 95% Cls, and
| §52 2 corresponding P values for heterogeneity. This type of model
E| 888 g assumes that the study-specific effect sizes come from a random
ERERE-R . y-sp . “ :
o| 4, &4 E distribution of effect sizes according to a specific mean and variance
£ g 85203 . c g . .
S| gz£2¢ (27). The estimates of the individual studies were weighted based on
3 g £ ;0 fn y the inverse of the variance, which is related to the sizes of the study
c8zEE| 2 populations. In our sensitivity analyses, the relative influence of
I I . .
525z3| 8 each study on the model-specific SRRE was examined by generat-
= & &.8 % 3 y p . . .
< £ ing an SRRE based on all of the studies in a particular model,
z followed by th 1of 1 stud i h 1l
= y the removal of 1 study at a time to compare the overa
3 e 2 SRRE with SRREs from models that had 1 study removed. This
= o 2 Yy
23 2 g allowed us to determine the statistical robustness of each analytical
52c R . : Y
Bl BE 2 8 model. All of the analyses were performed using Episheet (28), a
%E = £ 2 3 spreadsheet-based analytical package designed for the analysis of
g5 oAz s £ epidemiologic data and Comprehensive Meta-analysis (29). The use
Bl L o Q < . . . .
EC| zE5 £ g of 2 independent analytical programs allowed for the validation
§ 182 : ”i g of calculations.
‘E P 3 = Publication bias can affect meta-analysis findings if results
2 s g z & from individual studies have been differentially published (eg,
£ R 2o~ ositive studies were more likely to be published than negative
= 5 3 p y p ! g
g £ studies). We assessed publication bias by generating funnel plots for
2 g 5 p y g g funnel p
S A g a visual examination, conducting correlation and regression tests for
> 5 5 = . . . g . g
z|2 § 3 = significance, and using a “‘trim-and-fill” procedure to evaluate
£ 2¢ § g symmetry around the summary effect (30).
5|53 & g Yy y y
5| 58 3 2
=] B § E\ . 9:
=) ' - 4o
Z|E z8 S RESULTS
g) R é = f é The descriptive and qualitative characteristics of the studies
=!8 ﬁ B £S5 included in the meta-analysis are presented in Table 1. The stud
5| g £ 2 ; ; 1alysis are p : Y
EY S0 designs consisted of clinical trials, both randomized and nonran-
£l 523 b L domized, and intervention-based follow-up studies. In all of the
£5d & £% studies, except Exl et al (17,31), infants were identified as being
£ ;‘:; 2 £ high-risk status for allergy. The criteria used to designate infants as
g*%b I 5 4 high risk for allergy were not consistent across studies because there
E £ E el is no universally accepted standardized method for such an appoint-
g£& z g ment. In most studies, high-risk status was based largely on having a
. ETE positive family history of allergy, which is the most commonly used
25| 2 ;;’ g2 tool for identifying an infant as having an increased atopic risk
R 7,32). The study population in Exl et al (17) was defined as an
£ =T y p .p . .
m & 282 “‘unselected population-based infant cohort.”” As mentioned, sev-
f z E q: z eral atopic outcomes were reported across the individual studies;
s % 2 An f;j i however, our analytical interest focused on AD. Thus, we extracted
R & g5 2 information specific to AD (infant eczema) or an outcome classi-
2 2 El 253 fication that included AD (eg, atopic manifestations with mention
g s £ £= % of AD). In most studies, AD was defined based on established
Z| < s 2 é‘) z clinical diagnostic criteria.
Z oo e All of the studies identified for inclusion in this meta-
= .52 &3 . . .
p g CR analysis reported decreased risks of AD, or atopic outcomes that
£5s EEE included AD, among infants fed PHF-W compared with infants fed
k= 2. ¢ . . g . .. p .
= g g = 5 intact protein CMF (Fig. 1). A statistically significant 45% (SRRE
=£33 0.55, 95% CI 0.40-0.76; P value for heterogeneity =0.087)
g 3 Ez gz reduced risk of AD was found among infants receiving PHF-W
ER z % g\ g 5 compared with infants receiving intact protein CMF, based on the
> | E 2 S analysis of data from each study that most closely represented the
g S 5 g8 5 Y . . . . .
S R &= S formula intake period (Table 2). This result reflects a time period of
Y £ E © 355 i 0 to 12 months, and in most studies, data were available before the
S =) g = g€ 3 . . .
£ “ £55 8 introduction of solid foods. The removal of Becker et al (26), a
S £E3% g study that did not explicitly discuss AD as being included in their
- £E23 68 y p Yy ] -
N Q S - outcome variable, from this meta-analysis model resulted in a
~ 2 8 L& . . Yy
: =2 238 E stronger risk reduction (SRRE 0.48, 95% CI 0.38-0.60) and
— |3 5 § 2§88 £ S .
w S g E-go i %gg decreased the variability across studies (P value for hetero-
2 55|28 2 EFE geneity =0.459). The studies by Exl et al (17), Becker et al
E 221 = (26), von Berg et al (23), Tsai et al (19), and Chan et al (14)
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Author and Year RR and 95% ClI

Becker et al (2004)*
Chan et al (2002) L
Chirico et al (1997)
de Seta et al (1994)
Exl et al (2000)*
Marini et al (1996) -
Tsai et al (1991)
Vandenplas et al (1995)
Vandenplas et al (1989)*
von Berg et al (2003)
Willems et al (1993)*

0.1 0.2 0.5 1.0 2 5 10
SRRE = 0.55 (0.40-0.76)

FIGURE 1. Meta-analysis results of all reviewed studies: risk of
AD (PHF-W vs CMF). (Forest plot representation of meta-
analysis; point estimates, confidence intervals, and summary
relative risk estimate included.) *Results from individual stu-
dies that reported outcomes that included AD (eg, atopy, skin
symptoms); all other studies specifically reported data for AD.

contributed a total of 83% of the relative weight in the all-studies
meta-analysis model. Removing Exl et al (17), the study that
contributed the most relative weight (23%), resulted in an attenu-
ation of the RR estimate (SRRE 0.64, 95% CI 0.47-0.88); however,
a statistically significant reduction in risk remained. Based on our
influence and sensitivity analyses, removal of each of the other
studies did not markedly alter the overall association because
SRREs ranged from 0.52 to 0.59. Furthermore, all of the SRREs
from models with 1 study removed were statistically significant,
supporting the robustness of the overall findings. We conducted a
sensitivity analysis consisting only of the studies that incorporated
random allocation of study formula; results were similar to analyses
of all of the study designs (SRRE 0.65, 95% CI1 0.47—-0.91; P value
for heterogeneity = 0.257; SRRE with Becker et al (26) removed
0.58, 95% CI 0.41-0.80; P value for heterogeneity = 0.454).

A significant reduction in the incidence of AD (or outcome
comprising AD) among infants who received PHF-W compared
with infants who received CMF remained throughout all follow-up
intervals, based on analyses of studies that provided results for
extended time periods (Table 2). The strongest reduction in risk
(59%) was found in the model based on studies reporting data after a
6-month follow-up period (SRRE 0.41, 95% CI 0.31-0.54).
Reduced risks persisted in analyses of data at 1 year of age (SRRE
0.59, 95% CI 0.41-0.87) and in analyses that were extended up to
age 3 (SRRE 0.76, 95% CI 0.57—-1.00), indicating a true preventive
effect of feeding with PHF-W, rather than delaying or postponing
the development of AD.

The most informative meta-analysis model consisted of the 6
studies, representing 4 independent infant populations, that were
determined to be of superior relevance to evaluate PHF-W and AD
on the basis of reporting AD as an exclusive outcome, directly
contrasting PHF-W and intact protein CMF, incorporating random
allocation of study formula, and providing sufficient control of
potential bias and confounding. A statistically significant 55%
(SRRE 0.45, 95% CI 0.30-0.70) reduced risk of AD between
6 and 12 months of age was found in this model (Table 3). There
was little variability across studies (P value for hetero-
geneity = 0.544), and a reduced risk of AD of at least 44% was
reported in each study (Fig. 2). In the analysis based on data
extending to 3 years of follow-up, a statistically significant
decreased risk of AD among infants who received PHF-W was
observed (SRRE 0.64, 95% CI 0.47—0.88), and there was little
variability across studies in this extended follow-up period analysis
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(P value for heterogeneity =0.604). Thus, these data support a
prolonged preventive effect rather than a delay in the onset of
development of AD.

In our assessment of publication bias among all of the studies
(Fig. 3), we visually evaluated the symmetry around the summary
effect sizes using funnel plots and found that the larger studies with
less variability (near the top of the figure) were symmetrically
distributed around the summary effect size, whereas the smaller
studies with greater variability were generally distributed on 1 side
of the mean effect size. This slight asymmetry among the smaller
studies, however, was not indicative of publication bias based on
our statistical assessments. Specifically, a quantitative evaluation
using Begg and Mazumdar (33) rank correlation test and Egger et al
regression method (34) was not supportive of publication bias,
although the power of these tests is low unless there is significant
bias or a substantial number of studies. An assessment using the
trim-and-fill approach, an iterative method that adjusts for funnel
plot asymmetry (30), did not significantly alter the summary
estimates. The data point distribution was symmetrical for the
meta-analysis model that included the top-tier studies. Overall,
the findings from our meta-analysis were not likely influenced
by publication bias.

DISCUSSION

Breast-feeding is the most effective and appropriate method
to nourish infants, and exclusive breast-feeding is an effective way
of minimizing risk for development of atopic disease (3). The use of
cow’s milk proteins for feeding healthy infants is also associated
with an increased risk of atopic disease, particularly AD, which
constitutes the most common allergic manifestation in infants. For
infants who do not exclusively breast-feed, our analyses indicate
that supplementation or exclusive use of a 100% PHF-W reduces
the risk of AD, compared with feeding with intact protein CMF.
Indeed, in all of the individual studies reviewed herein, a reduced
incidence of AD (or outcome variable that included AD) was
reported among infants who received PHF-W compared with
infants who received intact protein CMF. In our meta-analysis
incorporating data from all of the studies, we observed a statistically
significant 45% reduction in risk among infants fed PHF-W. More-
over, throughout the 3 years of follow-up, the cumulative incidence
of AD was markedly lower among infants receiving PHF-W.

As described previously, meta-analysis of data from the
studies of more adequate methodological relevance to PHF-W
and AD (13,14,18,23-25) demonstrated a statistically significant
55% decreased risk of AD through 6 to 12 months among infants
who were fed with PHF-W. Even after 3 years of follow-up, a
statistically significant 36% reduction in the incidence of AD
remained, suggesting actual prevention rather than postponement
of development of AD. These studies incorporated random allo-
cation of infant formula, explicitly defined AD based on clinical
criteria, evaluated AD as an independent disease outcome, directly
compared the incidence of AD between infants receiving PHF-W
and infants receiving intact protein CMF, adequately controlled for
bias and potential confounding factors, and reported results in a
readily interpretable fashion.

In addition to our quantitative assessment, we systematically
evaluated the qualitative aspects and the methodology of each study
included in our meta-analysis. Specifically, we critically examined
the definition of high-risk status for allergy, loss to follow-up after
randomization, duration of dietary interventions, scope and com-
pliance with dietary restrictions, trial blinding procedures among
study participants and researchers, clinical and diagnostic pro-
cedures, overall and within-group sample sizes, data analysis
techniques, and control of potential bias and confounding. Despite

www.jpgn.org

Copyright © 2010 by Lippincott Williams & Wilkins.Unauthorized reproduction of this article is prohibited.



PHF-W and Reduced Risk of Atopic Dermatitis

JPGN ¢ Volume 50, Number 4, April 2010

o~
o
<
“OW f I9)JE UONBIOOSSY ,
"PAUIqUIOD QOURID[OJUT UT)0Id Y[IUW S, MO PUB BWAZI JO JOUIPIOUI UO PIseq UONBIIOSSY I
‘OuW ¢ I9)Je UONRIOOSSY |
“IOJRIOWNU 9Y) 0) POPPE SeM G'() ‘SHWI] OUIPYUOD 9,66 UM WY 2y} Aenofed of, ‘dnoi3 p-JHJ Y} UI BWIZI JO SIASLD () 2Iom Y], §
2IeM1JOS TeonsielS Jeaysidyg yim paje[noe)
‘(owr Z1—0) AIND Pue M-JHd PRAIOJI SJUBJUL YOIyM IO} duwiel) awn ay) painided A[osoo jsouwr Jey) sporrad dn-mo[[oj Apnis [enpIAIPUT WIOL} PIJOBIIX 1M vleq
‘v 103 eyep payodar A[feoyroads sarpnis 1oyjo ) jo (e {(swoldwiAs urys ‘Adoje ‘39) (I pepnioul jey) SAWOIINO I0J SUOHEIOOSSE Pajiodal Jey) SaIpn)s [eNPIAIPUL WO SINSAY .
"PapN[oul SAIpNIS 9y} JO [[e ‘SSUIpuy SISA[eue-BIowW JO ATRUwng
'SQIRWIISO NSLI 9ANJR[AI ATewiluns = S S[SU dAne[aI=yYy ‘e[nuuioj pazAjoipAy Ajpenied urojoid Aoym = p-JHJ ‘B[NULIOJ J[IW S MO0 = JIND [BAIIUL 20UPYU0d =) ‘spneuudp didoje=QqQy
LLEO LIT'0 #0S°0 L80°0 A1ouogo1010y 10y onfeA
(00'T—LS0) 9L°0 (L8'0-T1+°0) 6570 (r$'0-1€°0) 1+°0 (9L°0—0%"0) S0 (1D %S6) TIIS

VN VN 90°0 {(TL0-100) 81°0 VN V/N 200 L 1(SL7€=50°0) 1770 [(07) e 10 swoIm

620 [ow 9¢—-0] (L6°0—LE0) 09°0 020 (66'0—-2€°0) 95°0 VN VN 910 (66'0—-2€0) 9570 (ST°€7) 1# 10 S10g uoA

V/N V/N V/IN V/N V/N V/IN 100 #5108 T=10°0) TT°0 (17) 1e 10 sejduopuep

600 [ow 9¢—0] (L9 T—€¥"0) LO'T LOO {09 1=€1°0) 9%°0 200 +{L1'1=20°0) ST°0 200 +{L1'1-20°0) ST°0 (€1) Te 10 sejduspuep

VN VN 610 {65 1-8%°0) L8°0 VN VN ST°0 (65 1-87°0) L8°0 (61) Te 30 Tes

90°0 [owr 9¢—0] (9T’ T—¥1°0) TF'0 LOO {(8L'T—€1°0) 8+°0 V/N V/N S0°0 +(8L'T—€1°0) 8%°0 (81) Te 10 TULIR]

VN VN VN VN 280 +(95°0-0€0) 1+°0 €20 +(95°0-0€0) 1+'0 AL1) 1B xg

00 {(L8€-LT0) TO'T VIN VN $0°0 14(LO'E—€T°0) S8°0 S0°0 1+(L0"€—€T°0) $8°0 (91) & 19 ©1dg op

V/N VN V/N VN V/N V/N 200 +(08°€—€0°0) 1€°0 (ST) Te 10 0oLy

LTO [ow 0g—0]4(80° 1—8€°0) $9°0 ST°0 «{LL0=L1°0) 9€°0 110 +{(6L°0=S1°0) €70 01°0 +{(6L°0=S1°0) €0 (1) Te 30 uey)

ST0 [ow $7—-0] (16'1-89°0) €1'1 ST0 (0S'1-19°0) 96°0 V/N VN 61°0 (0S'1-19°0) 96°0 (97) Te 30 1300
WSiom (1D %S6) A4 WS1om (1D %S6) A4 WSrom (1D %S6) ¥4 WSrom (1D %S6) 44 S90UAIRJY
AANIR[Y QATIR[Y QATIR[OY QATIR[OY

our 7]< ow g1 ow 9 saIpIs [V
(D SA M-4Hd) AV JO YIsu :S3IpNIs PamalAdl JO s)nsau sisAjeue-e1dN g 319VL
>
o
<
[y
&
g
z
B

hibited.

is pro

rticle

Isa

f th

Ion O

d reproduct

1ze

.Unauthor;

Ins

iams & Wilki

tt Will

ippinco

Copyright © 2010 by L



Alexander and Cabana JPGN ¢ Volume 50, Number 4, April 2010

TABLE 3. Meta-analysis of top-tier studies: risk of AD (PHF-W vs CMF)

<12 mo >30 mo

References RR* (95% CI) Relative weight RR (95% CI) Relative weight
Chan et al (14) 0.34 (0.1570.79)T 0.27 0.65 (0.38—1.08)" (0-30 mo) 0.37
Marini et al (18) 0.48 (0.13—1.78)T 0.11 0.42 (0.14-1.26)" (0-36 mo) 0.08
Vandenplas et al (13) 0.15 (0.02-1.17)" 0.04 1.07 (0.43-2.67)" (0-36 mo) 0.12

von Berg et al (23,25) 0.56 (0.32-0.99) 0.58 0.60 (0.37-0.97) (0—36 mo) 0.43
SRRE (95% CI) 0.45 (0.30-0.70) 0.64 (0.47-0.88)

P value for heterogeneity 0.544 0.603

AD = atopic dermatitis; CI = confidence interval; CMF = cow’s milk formula; PHF-W = whey protein partially hydrolyzed formula; RR = relative risk;
SRRE = summary relative risk estimate. Summary of meta-analysis findings for top-tier studies only.
* Data were extracted from individual study follow-up periods that most closely captured the time frame for which infants received PHF-W and CMF.

T Calculated with Episheet Statistical Software.

some differences in characteristics between studies, we believe that
with appropriate study exclusions, combining data across studies in
a meta-analysis design was justified scientifically. Furthermore,
several studies exhibited uniform methodological traits, bolstering
the rationale to evaluate quantitatively the results across individual
studies. Our assessment of these studies is consistent with the
findings of in-depth critical reviews, which appropriately separate
and assess the effects of hydrolysates on atopic risk reduction
(7,32). Indeed, in a recent publication of the American Academy
of Pediatrics, it was stated, ‘‘In studies of infants at high risk for
atopy and who are not exclusively breastfed for 4 to 6 months, there
is modest evidence that the onset of atopic disease may be delayed
or prevented by the use of hydrolyzed formulas compared with
formula made with intact cow milk protein, particularly for AD”’
(3). However, the specific role of 100% PHF-W in AD risk
reduction was not reported.

It should be emphasized that regardless of study design,
infant population, sample size, follow-up time, or study location,
individual study findings were consistent because a reduced inci-
dence of AD was reported in all of the reviewed studies. Further-
more, the results from our meta-analysis do not appear to be
affected by publication bias. It has been suggested that feeding
with PHF-W may only serve to delay the onset of atopic manifes-
tations such as eczema (35); however, the results from this meta-
analysis support a prolonged reduction in the incidence of AD.
Indeed, a statistically significant 36% decreased risk of AD was
found in our meta-analysis of data that extended to 3 years of age
(Table 3). In addition, von Berg et al (24) observed a statistically
significant lower incidence of AD through 6 years of follow-up

Author and Year RR and 95% CI
Chan (2002) —
Marini (1996) 4
Vandenplas (1995)
= | -

0.1 0.2 0.5 1.0 2 5 10
SRRE = 0.45 (0.30-0.70)

von Berg (2003)

FIGURE 2. Meta-analysis of top-tier studies: risk of AD (PHF-W
vs CMF). (Forest plot representation of meta-analysis; point
estimates, confidence intervals, and summary relative risk
estimate included.) All studies reported associations specifi-
cally for AD.
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among infants randomly assigned to receive PHF-W compared with
infants receiving intact protein CMF.

All of the studies except 1 analyzed in this meta-analysis
included infants who were considered to be at high risk for atopy
based on a positive family history of atopic disease. More than one
third of all of the healthy infants in the general population would be
considered to be at risk based on this criterion (36,37). The results of
this meta-analysis may not be applicable to infants without a family
history of atopy. However, results across all of the individual
studies were relatively similar despite the fact that the definition
of positive family history was variable, and despite the fact that
there is no generally accepted or standardized method to obtain
family history (38). In addition, although a family history of atopy
may assist in identifying infants to be at an increased risk for atopic
disease, most infants who develop AD do not have a positive family
history. Family history has low sensitivity as a method to identify
infants at risk for atopic disease (36,37), thus necessitating the
consideration of atopic risk reduction strategies for the general
population, such as the use of PHF-W.

Hydrolyzed formulas, particularly extensively hydrolyzed
protein formulas, have been used therapeutically when infants
exhibit protein-related intolerances and food allergies, and their
salubrious effects in reducing the risk of atopic manifestations
have increasingly been recognized. These extensively hydrolyzed

0.0
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=
w
T
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1.5
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3 2 1 0 1 2 3

Log Rate Ratio

FIGURE 3. Funnel plot of all studies. (Funnel plot representing
a visual assessment of potential publication bias.)
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formulas were developed with nutritional profiles adequate for the
management of allergic and digestive disorders. Compared with
routine-use formulas, commercially available extensive hydroly-
sates have higher protein content, contain medium-chain triglycer-
ides, contain no lactose, and have higher osmolality and reduced
palatability. This hinders their potential use as routine formulas for
healthy infants. Partially hydrolyzed formulas overcome these
limitations because they have been developed with nutritional
profiles for routine use in healthy infants. In various countries,
including the United States and Canada, PHF-W is classified and
commercialized as a routine-use formula for healthy infants, and
their cost is the same as other routine intact protein formulas. PHF-
W has been safely used as a human milk alternative globally for
decades in millions of infants, thus making it a desirable option for
allergy risk reduction among infants who are not exclusively breast-
fed.

The incidence of AD is increasing worldwide, with a particu-
larly steep trend in rates observed in developed countries (1). It is
estimated that 20% of the infants and young children in the United
States may experience symptoms of AD (1). Preventing AD is of
great public health importance because this disease is associated
with infant discomfort, sleep disturbance, irregular feeding, familial
stress, increased physician visits, and an economic burden to
families and the health care system (1). Indeed, it has been projected
that US health insurance companies may spend more than $1
billion/year on AD (1). Of particular concern is that AD has been
shown to be associated with subsequent respiratory disease, namely
the development of asthma and hay fever in later childhood or early
adulthood (39).

CONCLUSIONS

In conclusion, the results from this meta-analysis indicate
that healthy infants with a family history of allergy who are fed with
100% PHF-W have a reduced risk of AD compared with infants fed
intact protein CMF. Exclusive breast-feeding should continue to be
encouraged as a means of reducing atopic risk, as well as other
health benefits. Given the rising incidence of atopic disease and
inadequate means to predict individual risk, the use of PHF-W in the
general population of infants who are not exclusively breast-fed
should be considered a practical and potentially effective public
health measure.
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