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Abstract

A masked, randomized, parallel growth study was conducted in infants fed an amino acid—based formula (AF) or
an extensively hydrolyzed casein-based formula (HF). Infants were enrolled between 0 and 9 days and studied to
112 days of age. Growth, formula intake, stool patterns, and serum albumin concentrations were assessed. There
were no significant differences between groups in weight, length, or head circumference, gains in weight or length,
or study formula intake. The number of stools parents rated as being formed, and the mean daily number of stools
were greater in the HF than in the AF group at 14 and 28 days of age. Mean serum albumin concentrations were not
significantly different between groups and were within the normal range. This study demonstrates that AF supports
normal growth of infants comparable to that of infants fed HF during the critical first 4 months of life.

Keywords
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Introduction Most studies of amino acid-based formulas were con-
ducted in relatively small populations of infants with
CMA or intolerance, and most studies were not designed
to measure effects on growth.”'*'® The present study
was designed to assess the growth of healthy term
infants fed an amino acid-based formula versus an
extensively hydrolyzed casein—based formula in a ran-
domized controlled trial that met robust criteria pro-
posed® for evaluating the ability of a formula to support
growth of infants.

Cow milk protein allergy (CMA) is the most common
food allergy in early childhood, with an estimated inci-
dence of 2% to 3%."? Hypoallergenic formulas based on
extensively hydrolyzed casein or whey are recom-
mended for managing formula-fed infants.** However,
allergic responses can still occur with hypoallergenic
hydrolysate formulas because they may contain residual
peptides that can elicit an allergic response in sensitive
children.”’An alternative to hydrolysates are formulas
based on free amino acids. Such formulas are indicated
for infants with extreme protein hypersensitivity, for
infants whose symptoms persist even with the feeding of — _
extensively hydrolyzed formulas, and for infants with 2Ab!.)ott Nutrltlon, Abbott ITaboratorles, Columbus, OH, USA
. .81l University of lowa, lowa City, IA, USA
CMA who have failure-to-thrive. T&W Research, Little Rock, AR, USA
Although studies have demonstrated that hypoaller-
genic amino acid-based formulas are efficacious for
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Table I. Nutritional Composition of Study Formulas.

AF HF
Macronutrient Source Content (g/L) Source Content (g/L)
Protein 100% free L-amino acids 203 100% extensively hydrolyzed casein 18.9
Carbohydrate 100% corn syrup solids 723 78% corn syrup solids 743
22% modified cornstarch
Fat 38% high-oleic safflower oil 322 45% palm olein 338

33% medium chain triglycerides
29% soy oil

20% soy oil
20% coconut oil
15% high-oleic sunflower oil

Abbreviations: AF, amino acid—based formula; HF, extensively hydrolyzed casein-based formula.

Methods
Study Design

A masked, randomized, parallel growth study
(ClinicalTrials.gov Identifier NCT01699386) was con-
ducted. Infants were randomly assigned to receive 1 of
2 formulas, a hypoallergenic amino acid—based formula
(AF) or a hypoallergenic extensively hydrolyzed casein—
based infant formula (HF). Formulas were fed from
enrollment until 112 days of age. Parents were instructed
to feed the assigned formula as the sole source of nutri-
tion ad libitum for the duration of the study. The primary
objective was to compare weight gain from 14 to 112 days
of age, and weight at each study visit. Length, head circum-
ference (HC), length gain, study formula intake, daily
stool number, mean rank stool consistency (MRSC), and
serum albumin were also measured.

A pseudo-random permuted-blocks computer algo-
rithm prepared by the sponsor equally randomized treat-
ments within gender at each site. Formula was identified
by code only and study personnel, parents and caregiv-
ers were unaware of formula identity. Packaging for
both formulas was similar. Blinding was not broken
until after all data had been collected.

Subjects

Healthy, singleton term infants with birth weights >2500 g
were enrolled between 0 and 9 days of age and studied
to 112 days of age. Parents agreed to use the study for-
mulas as the sole source of nutrition and to not adminis-
ter any mineral or vitamin supplements during the study.
Water was permitted ad libitum. Exclusion criteria
included maternal, fetal, or perinatal medical conditions
with the potential for adverse effects on growth, devel-
opment, or both, such as diabetes (gestational diabetes
was acceptable if the infant’s birth weight was less than
the 95th percentile), tuberculosis, intrauterine infec-
tions, or suspected substance abuse.

Parents or guardians provided written informed con-
sent prior to enrollment. Subjects were recruited at 2 sites:
Iowa City/Cedar Rapids, lowa and Little Rock, Arkansas.
The protocol was reviewed and approved by the
University of lowa Institutional Review Board, lowa
City; and Baptist Medical Center Institutional Review
Board, Little Rock, Arkansas. Infants were enrolled from
April 1999 to September 2000. The study was conducted
in accordance with all applicable regulations, including
Good Clinical Practices and the ethical principles origi-
nating from the Declaration of Helsinki.

Study Formulas

Both formulas provided levels of nutrients recommended
by the American Academy of Pediatrics Committee on
Nutrition, and were in compliance with the Infant
Formula Act.*'*

The AF formula was EleCare Amino Acid—Based
Medical Food (Abbott Nutrition, Abbott Laboratories,
Columbus, OH); the HF formula was Nutramigen
Protein Hydrolysate Infant Formula (Mead Johnson
Nutritionals, Evansville, IN). Both formulas were in
powdered form and provided 20 kcal/fl oz when fed at
standard dilution.

The macronutrient contents of both formulas were
similar but the sources of macronutrients were different
(Table 1).

Study Assessments

Study visits occurred when infants were 14, 28, 56, 84,
and 112 + 4 days of age. The primary outcome vari-
ables were weight gain (g/d) from 14 to 112 days of
age, and weight at 14, 28, 56, 84, and 112 days of age.
Secondary variables included length, HC, and length
gain (mm/d) from 14 to 112 days of age, study formula
intake, daily number of stools, MRSC, and serum albu-
min concentration. Anthropometric measurements
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were made at enrollment and at each study visit, and
were plotted against the World Health Organization
(WHO) growth standards.”® Parents completed 3-day
intake records before each study visit, and 3-day stool
records before the 14- and 28-day visits. These records
included the characteristics (consistency and fre-
quency) of the infant’s stools and volume of formula
consumed at each feeding. For calculation of MRSC,
each stool was ranked by the parents on a scale of 1 to
5 (1 = watery to 5 = hard). The mean stool rank was
calculated for each day, and the mean of these daily
means was calculated over the study period and is
reported as the average MRSC. Blood samples (approx-
imately 0.75 mL) were collected by heel stick or veni-
puncture at the 112-day visit for measurement of serum
albumin. Samples were centrifuged and serum was fro-
zen and stored at —20°C until shipment to a central
laboratory (Quest Diagnostics, Inc, San Juan
Capistrano, CA), where albumin concentration was
measured by the bromocresol green method.

Statistical Analysis

A sample size of 64 infants in each group would have
80% power to detect a difference in weight gain of 3 g/d
from day 14 to 112, assuming that the common standard
deviation is 6 g/d using a 2-group ¢ test with a .05 two-
sided significance level. Weight gain and length gain per
day were calculated as the difference between the initial
and the final measurement divided by the number of
elapsed days. Weight gain (g/d) and length gain (mm/d)
from 14 to 112 days were compared using analysis of
variance (ANOVA). The factors in the model were feed-
ing group and sex. Weight, length, and HC were com-
pared using repeated measures ANOVA with the SAS
procedure PROC MIXED. The factors in the model
were feeding group, sex, and their interactions. The
MRSC was analyzed using ANOVA with a random
blocking factor for site, and the average daily number of
stools and serum albumin concentrations were analyzed
by ANOVA. All tests were 2-sided, and results were
considered statistically significant if the P value was
less than .05. The study results are shown as mean * the
standard error of the mean and are for the intent-to-treat
group unless otherwise indicated.

Results
Disposition of Study Subjects

A total of 213 infants were enrolled into the study and
randomized (Figure 1). Of these, 134 infants completed
the study whereas 79 infants left the study early.

The demographic characteristics including gender,
gestational age, ethnicity, age at study entry, birth
weight, length, HC, and weight at study entry were simi-
lar between groups (Table 2).

Growth

There were no statistically significant differences
between feeding groups in mean weight (Table 3) or in
mean weight gain, which was 28.2 £ 0.7 (n = 73) and
28.2£0.6 g/d (n=81) for the AF and HF groups, respec-
tively (P = .8670, 95% confidence interval = —2.2 to
1.9). The results of the per protocol analysis were simi-
lar to those of the intent-to-treat analysis. Mean weight
for males and females are shown in comparison with the
WHO growth standards in Figure 2. There were no sta-
tistically significant differences between the groups for
length or HC (Table 3) or for length gain (data not
shown) during the study.

Formula Intake

Mean study formula intakes for the groups were similar
at 14, 28, 56, 84, and 112 days of age (Table 4).

Stool Patterns

There were statistically significant differences in stool
patterns between groups. The average MRSC and mean
daily number of stools were significantly greater in the
HF group at 14 and 28 days of age (Table 4).

Serum Albumin

At 112 days of age, the mean serum albumin concentra-
tion was not statistically different between groups (42.2
+ 0.3 and 43.3 £ 0.4 g/L for the AF [n = 59] and HF [n =
68] groups, respectively, P = .0513, 95% confidence
interval =—2.0 to 0.2).

Safety

No safety concerns emerged during this study.

Discussion

We report that the growth of infants fed a hypoaller-
genic amino acid-based formula (AF) was similar to
that of infants fed a hypoallergenic extensively hydro-
lyzed casein—based formula (HF). Infants started to
receive study formulas at a mean age of approximately
6 days and continued until 112 days of age; 65 and 69
infants completed the study in the AF and HF groups,
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Randomized (n=213)

l

106 allocated to received HF?
Did not receive, or not known if received,
study formula (n=3)

107 allocated to receive AF' Allocation
Did not receive, or not known if received,
study formula (n=5)

1 |

Lost to follow-up (n=8) Lost to follow-up (n=8)

Parental dissatisfaction (n=2) Parental dissatisfaction (n=3)
Intolerance (n=27) Intolerance (n=21)

lliness (n=0) lliness (n=2)

Failure to feed study formula (n=2) Failure to feed study formula (n=2)
Other (n=3) Other (1)

| |

Analyzed (n=65) Analyzed (n=69)

Figure |. Flowchart of the study design.
' Amino-acid based formula
“Extensively hydrolyzed casein-based formula

Table 2. Infant Characteristics.

Variable AF HF P
Total enrolled (n) 107 106 —
Males/females (n) 57/50 55/51 8416
Ethnicity, n (%)
Caucasian 96 (90) 94 (89) 4657
African American 9(8) 7(7)
Other 2(2) 5(5)
At birth®
Gestational age (weeks) 394 £0.1 394 £ 0.1 .8185
Weight (g) 3505 + 40 3488 + 43 7761
Length (cm) 51.2+0.2 51.5+0.2 3151
Head circumference (cm) 348+£0.2 345102 .2052
At study entry®
Age (days) 6.4+0.2 62+0.2 1168
Weight (g) 3515 £ 40 3499 £ 42 7664

Abbreviations: AF, amino acid—based formula; HF, extensively hydrolyzed casein-based formula.
*Data are presented as mean * standard error of the mean.

respectively. There were no significant differences 50th percentile of the WHO standards, indicating a nor-
between groups in the rates of gain in weight or length, mal growth pattern. Serum albumin levels at 112 days
or in weight, length, or HC during the study. The of age were similar between groups and were within the
mean weight of males and females was close to the  normal range.
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Table 3. Weight, Length, and Head Circumference at 14, 28, 56, 84, and | |2 Days of Age of AF- and HF-Fed Infants.”.

Age (Days)
Parameter 14 28 56 84 112 P
Weight (g)
AF 3777 £ 45 (93) 4273 + 54 (76) 5178 £ 71 (71) 5944 + 86 (67) 6601 + 84 (75) .5882
HF 3713 £ 43 (97) 4237 + 50 (81) 5163 £ 63 (76) 5890 £ 77 (72) 6468 £ 77 (82)
95% CI° (-78.88,220.06) (—115.76, 189.56) (—174.70, 191.38) (—183.87,231.43) (—151.89, 290.09)
Length (cm)
AF 51.8+0.2(93) 53.7+£ 0.2 (76) 57.1 £ 0.2 (71) 60.2 + 0.2 (67) 62.8 £ 0.2 (75) .6040
HF 51.9+0.2(97) 53.8+0.2 (81) 57.1 £ 0.2 (76) 60.3 £ 0.2 (72) 62.6 + 0.2 (82)
95% ClI (—0.65, 0.45) (—0.74, 0.36) (—0.72, 0.46) (—0.76, 0.44) (—0.69, 0.55)
Head circumference (cm)
AF 36.1 £0.1 (93) 373+ 0.1 (76) 39.1 £ 0.1 (71) 40.4 £ 0.1 (67) 41.5%0.1 (75) .0687
HF 359+0.1(97)  37.1+0.1(81)  389+0.1(76)  402+0.1(72)  41.3+0.1 (82)
95% Cl (=0.14, 0.54) (-0.01, 0.65) (-0.07, 0.59) (-0.10, 0.58) (-0.06, 0.62)
Abbreviations: AF, amino acid—based formula; HF, extensively hydrolyzed casein-based formula; Cl, confidence interval.
*Data are presented as mean * standard error of the mean (number of subjects).
PRepeated-measures analysis of variance.
95% confidence interval is for the difference in least square means between AF and HF.
A Male B Female
10] 10
99
9 - 9
A7 99
i .97
3 L85 8 ;
.85
; 50 i -
g} " f::” 1.50
_:n 6 %u 6
K 3 o 15
= 1 =
' i3
5 5 1
4 4
R 3
_1.F 10 20 30 40 50 L) T0 B0 90 100 1o 120 130 ’ 0 10 20 30 40 50 6l T 80 90 100 110 120 130
Age (days) Age (days)
T AR TR HE Tk AF R HE

Figure 2. Mean weight shown in comparison with the World Health Organization growth standards for (A) males and (B)

females.

Abbreviations: AF, amino acid—based formula; HF, extensively hydrolyzed casein-based formula.
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Table 4. Study Formula Intake, Average Mean Rank Stool Consistency, and Number of Stools/Day.”.
Age AF HF P 95% Cl
Study formula intake (mL per day)
14 days 591 £ 15 (78) 564 £ 14 (89) .1495 (-16.0, 73.5)
28 days 709 £ 23 (74) 693 £ 18 (77) .5801 (—48.3, 80.0)
56 days 797 £ 28 (69) 787 £20 (73) 7329 (—64.7, 88.2)
84 days 861 + 34 (66) 812 £ 19 (70) .1692 (=30.9, 134.9)
112 days 894 + 39 (65) 842 £ 21 (66) 1926 (-374, 149.2)
Average mean rank stool consistency®
14 days 25+0.1 (77) 2.8+0.1 (89) .0004 (-0.55, -0.13)
28 days 23 0.1 (73) 28 0.1 (77) <.0001 (-0.65, -0.23)
Daily number of stools
14 days 2.0+0.2 (78) 3.5£0.2(89) <.0001 (-2.14, -0.86)
28 days 1.5+0.2 (74) 29+0.2(77) <.0001 (—1.96, -0.82)

Abbreviations: AF, amino acid—based formula; HF, extensively hydrolyzed casein-based formula; Cl, confidence interval.
Data are presented as mean + standard error of the mean (number of subjects).

®Calculated as | = watery to 5 = hard.

Our results are in agreement with those of other inves-
tigators who reported normal growth patterns in infants
fed HE***® However, only a few studies assessed the
growth of normal infants fed amino acid—based formulas
as a primary outcome, and some did not meet rigorous
standards for clinical evaluation of infant growth. The
US Food and Drug Administration,” with guidance from
the American Academy of Pediatrics Committee on
Nutrition,”” proposed rules for evaluating the ability of
formulas to support growth of infants, including that (a)
the evaluation should be made when the formulas are
used as the sole source of nutrition; (b) the rate of weight
gain should be determined over an interval of 3 to 4
months; (c) that growth assessment should include the
first 8 weeks of life because nutrient requirements per
kilogram of body weight are greatest during this period;
(d) that growth measurements should be made at the
beginning of the study, 2 and 4 weeks later, and at least
monthly thereafter until conclusion of the study; and (e)
that studies need to have sufficient statistical power to
detect a feeding-related difference in weight gain of more
than 3 g/d over a 3- to 4-month period, which is consid-
ered to be nutritionally relevant. The number of subjects
of a specified sex needed in each of 2 groups to detect
this difference at P < .05 with a power of 80% in a
1-tailed test is 28.

Although the published studies concerning amino
acid—based formulas report that they supported the
growth of infants,”'*'"** growth was not the primary
outcome variable for most studies. In a well-designed
growth study, Burks et al** reported that healthy, term
infants fed an amino acid-based formula or HF had sim-
ilar rates of growth. However, most studies of amino
acid—based formulas involved infants with established

allergy or intolerance to cow milk, and such infants
often have multiple confounding clinical factors, includ-
ing growth restriction, and the studies therefore did not
meet the more stringent criteria for evaluating the ability
of a formula to support the growth of normal infa-
nts.”'#">171° The evaluation of growth was the primary
outcome variable of the present study, which met the
stringent criteria for evaluation of infant growth.

In the present study, 42 infants fed AF and 37 fed HF
exited from the study early, with 25% fed AF and 20%
fed HF exiting because of intolerance symptoms. In our
experience, these attrition rates are typical of long-term
studies with extensively hydrolyzed or amino acid—based
formula when fed to healthy term infants. When these
formulas are fed to intended populations, attrition rates
are dramatically lower. These formulas are noticeably
different from standard formulas in appearance, taste,
and smell and because of their elemental nature may
modify typical feeding and stooling patterns of healthy
infants. We speculate that parents of healthy term infants
are less tolerant of these differences than are parents of
sick infants where, in fact, feeding and stooling patterns
of their infant may normalize on these formulas.

A strength of our study is that tolerance and formula
intake were assessed systematically. Parents completed
3-day intake records before the visits at 14, 28, 56, 84,
and 112 days, and they completed 3-day stool records
before the visits at 14 and 28 days. The records included
24-hour intake data and detailed information about the
consistency of each stool. The volume of formula con-
sumed was similar between groups throughout the study.
However, infants fed the HF had significantly more
stools that parents rated as firm or hard, and a signifi-
cantly greater number of stools per day than infants fed
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AF. This difference in stooling pattern and consistency
is likely because of the use of palm olein oil as a source
of fat in the HF fed in this study. Lloyd et al* reported
that formula with palm olein oil is associated with firmer
stools.

Although extensively hydrolyzed formulas and
amino acid-based formulas are effective in relieving
symptoms in most infants with CMA, amino acid—based
formulas are preferable for certain patients.* " Hill et al'®
reported that specific subgroups of infants have better
resolution of symptoms on amino acid-based formulas
than on extensively hydrolyzed formula, and they more
often have catch-up growth. The subgroups include
infants with non-IgE mediated food-induced gastroen-
terocolitis—proctitis syndromes with failure-to-thrive,
those with severe atopic eczema, and those with symp-
toms during exclusive breast-feeding. Isolauri et al'*
reported that growth of infants with CMA was improved
in infants fed an amino acid-based formula but not in
infants fed an extensively hydrolyzed whey-based for-
mula, and concluded that an amino acid-based formula
is preferable for infants with multiple food allergies,
especially because it maintains normal growth. Niggemann
et al'’ reported that atopic dermatitis improved in infants
with CMA who were fed an amino acid—based formula
but remained constant in those fed an extensively hydro-
lyzed whey-based formula. Other investigators report
that infants with CMA did not react to amino acid—based
formula, but some infants react to extensively hydro-
lyzed formula with bloody stools, vomiting, diarrhea,
irritability, eczema, and failure to gain weight>"
Caution is needed, however, in comparing studies of
amino acid-based formulas with studies of hydrolyzed
formulas. Clinical outcomes can be affected by other
differences in the composition of formulas, including
hydrolysate source, the extent of hydrolysis, fat blend
with possible effects on energy availability, amino acid
blend, protein content, and fortification with other
nutrients.

The present robust study meets rigorous criteria for
the evaluation of infant formulas, and demonstrates that
this amino acid-based formula supports normal growth
of infants during the critical first 4 months of life. As the
incidence of food allergy continues to increase,' the use
of amino acid-based formulas will likely increase, espe-
cially for infants with severe CMA and for specific sub-
sets of infants whose symptoms are resolved more
effectively with amino acid—based formulas than with
extensively hydrolyzed formulas.

Acknowledgment

The authors appreciate the assistance of Jane Carver, PhD, in
preparing this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article:

This study was supported by Abbott Nutrition, Abbott
Laboratories.

References

1. Host A. Frequency of cow’s milk allergy in childhood.
Ann Allergy Asthma Immunol. 2002;89(6 suppl 1):33-
37.

2. Sampson HA. Food allergy. Part 1: immunopathogen-
esis and clinical disorders. J Allergy Clin Immunol.
1999;103:717-728.

3. American Academy of Pediatrics. Committee on
Nutrition. Hypoallergenic infant formulas. Pediatrics.
2000;106:346-349.

4. Host A, Koletzko B, Dreborg S, et al. Dietary prod-
ucts used in infants for treatment and prevention of
food allergy. Joint Statement of the European Society
for Paediatric Allergology and Clinical Immunology
[ESPACI] Committee on Hypoallergenic Formulas and
the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) Committee on
Nutrition. Arch Dis Child. 1999;81:80-84.

5. Hill DJ, Cameron DJ, Francis DE, Gonzalez-Andaya AM,
Hosking CS. Challenge confirmation of late-onset reac-
tions to extensively hydrolyzed formulas in infants with
multiple food protein intolerance. J Allergy Clin Immunol.
1995;96:386-394.

6. Saylor JD, Bahna SL. Anaphylaxis to casein hydrolysate
formula. J Pediatr. 1991;118:71-74.

7. de Boissieu D, Matarazzo P, Dupont C. Allergy to exten-
sively hydrolyzed cow milk proteins in infants: identifica-
tion and treatment with an amino acid-based formula. J
Pediatr. 1997;131:744-747.

8. De Greef E, Hauser B, Devreker T, Veereman-Wauters
G, Vandenplas Y. Diagnosis and management of
cow’s milk protein allergy in infants. World J Pediatr.
2012;8:19-24.

9. Dupont C, Chouraqui JP, de Boissieu D, et al. Dietary
treatment of cows’ milk protein allergy in childhood: a
commentary by the Committee on Nutrition of the French
Society of Paediatrics. Br J Nutr. 2012;107:325-338.

10. Hill DJ, Murch SH, Rafferty K, Wallis P, Green CJ. The
efficacy of amino acid-based formulas in relieving the
symptoms of cow’s milk allergy: a systematic review.
Clin Exp Allergy. 2007;37:808-822.

11. Vandenplas Y, Koletzko S, Isolauri E, et al. Guidelines
for the diagnosis and management of cow’s milk protein
allergy in infants. Arch Dis Child. 2007;92:902-908.

Downloaded from cpj.sagepub.com at CILEA Bibliosan on September 15, 2013


http://cpj.sagepub.com/

Borschel et al

917

12.

13.

14.

15.

16.

17.

18.

19.

20.

de Boissieu D, Dupont C. Allergy to extensively hydro-
lyzed cow’s milk proteins in infants: safety and duration of
amino acid-based formula. J Pediatr. 2002;141:271-273.
Hill DJ, Heine RG, Cameron DJ, Francis DE, Bines JE.
The natural history of intolerance to soy and extensively
hydrolyzed formula in infants with multiple food protein
intolerance. J Pediatr. 1999;135:118-121.

Isolauri E, Siitas Y, Miékinen-Kiljunen S, Oja SS,
Isosomppi R, Turjanmaa K. Efficacy and safety of hydro-
lyzed cow milk and amino acid-derived formulas in infants
with cow milk allergy. J Pediatr. 1995;127:550-557.
McLeish CM, MacDonald A, Booth IW. Comparison of
an elemental with a hydrolysed whey formula in intoler-
ance to cows’ milk. Arch Dis Child. 1995;73:211-215.
Niggemann B, Binder C, Dupont C, Hadji S, Arvola T,
Isolauri E. Prospective, controlled, multi-center study
on the effect of an amino-acid-based formula in infants
with cow’s milk allergy/intolerance and atopic dermatitis.
Pediatr Allergy Immunol. 2001;12:78-82.

Niggemann B, von Berg A, Bollrath C, et al. Safety and
efficacy of a new extensively hydrolyzed formula for
infants with cow’s milk protein allergy. Pediatr Allergy
Immunol. 2008;19:348-354.

Taylor RR, Sladkevicius E, Panca M, Lack G, Guest JF.
Cost-effectiveness of using an extensively hydrolysed
formula compared to an amino acid formula as first-line
treatment for cow milk allergy in the UK. Pediatr Allergy
Immunol. 2012;23:240-249.

Vanderhoof JA, Murray ND, Kaufman SS, et al.
Intolerance to protein hydrolysate infant formulas: an
underrecognized cause of gastrointestinal symptoms in
infants. J Pediatr. 1997;131:741-744.

Department of Health and Human Services, Food and
Drug Administration. Current Manufacturing Practice,
Quality Control Procedures, Quality Factors, Notification
Requirements, and Record and Reports for the Production
of Infant Formula; Proposed Rule. 21 Code of Federal
Regulations, Parts 106 and 107; 36180-36186, 1996.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Infant Formula Act of 1980. Public Law No. 96-359, 94
Stat. 1190 [codified at 21 U.S.C. §350(a), 301, 321 (aa),
331, 374 (a)]. September 26, 1980.

Infant Formula. 21 Code of Federal Regulations (as amended)
[412] Sect. 350a, Infant Formulas, October 27, 1986.
World Health  Organization Multicentre  Growth
Reference Study Group. WHO Child Growth Standards:
Length/Height-for-Age, ~ Weight-for-Age, ~ Weight-for-
Length, Weight-for-Height and Body Mass Index-for-Age:
Methods and Development. Geneva, Switzerland: World
Health Organization; 2006.

Burks W, Jones SM, Berseth CL, Harris C, Sampson HA,
Scalabrin DM. Hypoallergenicity and effects on growth
and tolerance of a new amino acid-based formula with
docosahexaenoic acid and arachidonic acid. J Pediatr.
2008;153:266-271.

Mennella JA, Ventura AK, Beauchamp GK. Differential
growth patterns among healthy infants fed protein hydroly-
sate or cow-milk formulas. Pediatrics. 2011;127:110-118.
Scalabrin DM, Johnston WH, Hoffman DR, P’Pool
VL, Harris CL, Mitmesser SH. Growth and tolerance
of healthy term infants receiving hydrolyzed infant for-
mulas supplemented with Lactobacillus rhamnosus GG:
randomized, double-blind, controlled trial. Clin Pediatr
(Phila). 2009;48:734-744.

American Academy of Pediatrics. Clinical testing
of infant formulas with respect to nutritional suit-
ability for term infants, 1988. http://www.fda.gov/
Food/GuidanceComplianceRegulatoryInformation/
GuidanceDocuments/InfantFormula/ucm170649.htm.
Accessed August 20, 2012.

Sicherer SH, Noone SA, Koerner CB, Christie L, Burks AW,
Sampson HA. Hypoallergenicity and efficacy of an amino
acid-based formula in children with cow’s milk and multiple
food hypersensitivities. J Pediatr. 2001;138:688-693.

Lloyd B, Halter RJ, Kuchan MJ, Baggs GE, Ryan AS,
Masor ML. Formula tolerance in postbreastfed and exclu-
sively formula-fed infants. Pediatrics. 1999;103:E7.

Downloaded from cpj.sagepub.com at CILEA Bibliosan on September 15, 2013


http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/InfantFormula/ucm170649.htm
http://cpj.sagepub.com/

