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The aim of this study was to compare the allergy-preventive effect of a partially
hydrolyzed formula with two extensively hydrolyzed formulas, in infants with a high
risk for development of allergic disease. High-risk infants from four Danish centres
were included in the period from June 1994 to July 1995. Five-hundred and ninety-
®ve high-risk infants were identi®ed. High-risk infants were de®ned as having bi-
parental atopy, or a single atopic ®rst-degree relative combined with cord blood
immunoglobulin E (IgE)i0.3 kU/l. At birth all infants were randomized to one of
three different blinded formulas. All mothers had unrestricted diets during
pregnancy and lactation and were encouraged to breast-feed exclusively. If breast-
feeding was insuf®cient, one of the three formulas, according to randomization, was
given during the ®rst 4 months. It was recommended not to introduce cow's milk,
cow's milk products, and solid foods until the age of 4 months. After the age of
4 months a normal unrestricted diet and conventional cow's milk-based formula
were given when needed. All infants were followed-up prospectively with interview
and physical examination at the age of 6, 12, and 18 months, and if any possible
atopic symptoms were reported. If food allergy was suspected, controlled
elimination/challenge procedures were performed in a hospital setting. Of 550 infants
included in the study, 514 were seen at all visits and 36 were excluded owing to non-
compliance. Of 478 infants who completed the study, 232 were exclusively breast-fed,
79 received an extensively hydrolyzed casein formula (Nutramigen), 82 an extensively
hydrolyzed whey formula (Profylac), and 85 a partially hydrolyzed whey formula
(Nan HA), during the ®rst 4 months of life. These four groups were identical in regard
to atopic predisposition, cord blood IgE, birthplace, and gender. Exclusively breast-
fed children were exposed less to tobacco smoke and pets at home and belonged to
higher social classes, whereas the three formula groups were identical concerning
environmental factors. The frequency of breast-feeding was high; only eight (2%)
children were not breast-fed at all. The three formula groups were identical in regard
to duration of breast-feeding and age at introduction of formula and solid foods. No
signi®cant differences were found in the three groups of infants receiving formula
milk regarding the cumulative incidence of atopic dermatitis or respiratory
symptoms. The cumulative incidence of parental-reported cow's milk allergy was
signi®cantly higher in children fed partially hydrolyzed formula (Nan HA) compared
with extensively hydrolyzed formula (Nutramigen or Profylac) at 12 and 18 months
(NanHA, 7.1%; Nutramigen, 2.5%; Profylac, 0%; p50.033). The cumulative
incidence of con®rmed cow's milk allergy was 1.3% (three of 232) in exclusively
breast-fed infants, 0.6% (one of 161) in infants fed extensively hydrolyzed formula
(Nutramigen or Profylac), and 4.7% (four of 85) in infants fed partially hydrolyzed
formula (Nan HA). Partially hydrolyzed formula was found to be less effective than
extensively hydrolyzed formula in preventing cow's milk allergy, 0.6% vs. 4.7%
(p50.05), but because of the small number of cases the results should be interpreted
with caution. Compared with other similar studies the frequency of atopic symptoms
was low, even though the dietetic intervention did not include either maternal diet
during lactation or dietary restrictions to the children after the age of 4 months.
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Allergic disease has emerged as a common and
increasing cause of illness in children. The
occurrence of allergic disease may vary with
age, and symptoms may disappear completely,
possibly to be replaced by other symptoms. In
infancy the main atopic symptoms are atopic
dermatitis, gastrointestinal symptoms, and
recurrent wheezing, whereas bronchial asthma
and allergic rhinoconjunctivitis are the main
problems later in childhood. Adverse reactions
to foods, mainly cow's milk protein, are most
common in the ®rst years of life, whereas allergy
to inhalant allergens generally occurs beyond this
period.

Several previous prospective studies have
shown a protective effect of feeding breast milk
(1±9) or an extensively hydrolyzed casein ± whey
or soy formula (4±14) ± on the incidence of atopic
dermatitis and food allergy in high-risk infants,
when the period of the diet included at least the
®rst 4±6 months of life and solid foods were not
introduced until the age of 4 months (15). The
different study designs, study populations, de®ni-
tions, diagnostic criteria, and control for con-
founders (environmental factors) in the previous
studies do not allow a comparison of the effect of
different dietary regimens and hypoallergenic
hydrolyzed formulas. In a previous study we
compared the preventive effect of an extensively
hydrolyzed casein formula (Nutramigen) with an
extensively hydrolyzed and ultra®ltrated whey
formula (Profylac) and found no difference
regarding prevention of cow's milk allergy until
the age of 5 years (9, 16). Recently, data were
published that indicated a protective effect of a
partially hydrolyzed whey formula compared
with conventional cow's milk-based formula
and soymilk-based formula (3, 5, 6, 17±20).

In previous studies, the content of b-lactoglo-
bulin has been analyzed by using enzyme-linked
immunosorbent assay (ELISA), and was found to
be 12 400 ng/ml in partially hydrolyzed formula
(Nan HA) compared with 8.9 ng/ml in exten-
sively hydrolyzed whey formula (Profylac),
0.91 ng/ml in extensively hydrolyzed casein for-
mula (Nutramigen), and 0.9±150 ng/ml in breast
milk (15, 21±23). In agreement with these results,
several studies have indicated a positive corre-
lation between sensitization/immunoglobulin E
(IgE)-mediated reactions to hypoallergenic for-
mula (HAF) (extensively hydrolyzed formula and
partially hydrolyzed formula) in cow's milk
allergic children and the degree of hydrolysis in
these products and their residual content of high
molecular-weight protein, as measured by skin-
prick test (SPT) and speci®c IgE (21, 24).

However, comparative studies of the preven-
tive effect of partially vs. extensively hydrolyzed
formulas are still necessary (15) as only one such
study has been published (25).

The primary aim of this study was to compare
the allergy-preventive effect of a partially hydro-
lyzed whey formula (Nan HA) with two exten-
sively hydrolyzed formulas (Nutramigen and
Profylac) in a birth cohort of infants with a
high risk for development of allergic disease. In
addition, we wanted to con®rm our previous
®nding of no difference in the allergy-preventive
effect of the two different extensively hydrolyzed
formulas, Nutramigen and Profylac. This paper
deals with the effect of these formulas on
development of cow's milk allergy, food allergy
in general, and atopic symptoms.

Subjects and methods

Study population

The study population was a birth cohort from
four different geographical areas in Denmark.
High-risk infants born alive at Odense University
Hospital, Viborg Hospital, Glostrup University
Hospital, and Sùnderborg Hospital, Denmark, in
the period 01 June 1994 to 30 June 1995 were
invited to participate in the study. Owing to a
delay, one hospital (Glostrup) extended the
inclusion period until 31 July 1995. All these
infants had bi-parental atopic predisposition or
severe single atopic predisposition and a raised
cord blood IgE (CB IgE) i 0.3 kU/l. The total
number of infants born alive at these four
hospitals in the study period was 11 632. A
total of 595 high-risk infants (representing 5.1%
of the total) were identi®ed and informed of the
study: 199 from Odense, 135 from Viborg, 103
from Glostrup, and 158 from Sùnderborg.

Only infants with a high risk for development
of allergic disease were included. According to
results of a previous study (9), we expected that
20% of these high-risk infants would develop
cow's milk allergy during the ®rst year of life if
they were given ordinary cow's milk-based
formula when exclusive breast-feeding was not
possible during the ®rst 6 months of life.

Our intention was to compare the effect of
extensively hydrolyzed formulas with a partially
hydrolyzed formula, particularly regarding the
development of cow's milk allergy. In a previous
study (9) the cumulative incidence of cow's milk
allergy was found to be 5% and 20% in identically
de®ned cohorts of a high-risk group, with and
without dietary preventive measures, respectively.
In that study no difference was detected con-
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cerning the preventive effect of the two different
extensively hydrolyzed formulas, Nutramigen
and Profylac. As we wanted to con®rm this
®nding, we included Nutramigen and Profylac in
the present study. Therefore, power calculation
was performed using a test between two samples
with twice as many observations in one of the
samples (Nutramigen and Profylac) than in the
other (Nan HA). The test was one-tailed as
the partially hydrolyzed formula was not ex-
pected to be more effective than extensively
hydrolyzed formulas. Assuming that the partially
hydrolyzed formula would be 50% as effective in
preventing cow's milk allergy as extensively
hydrolyzed formulas (9, 17), we estimated that
a total of at least 200 infants in the formula
groups was required to detect a difference with
76.2% probability, and a total of 300 infants was
required to detect a difference with 90.5%
probability and a level of signi®cance at 5%. As
we expected < 50% of the birth cohort to be
breast-fed exclusively, and as we could not expect
a 100% follow-up rate and total compliance, we
planned to include at least 500 (optimally 600)
high-risk infants in the study.

Methods

This study was a double-blind, placebo-
controlled, randomized intervention study.

During pregnancy, a questionnaire concerning
atopic predisposition was completed by a mid-
wife/nurse/doctor after interview with each set of
parents, and all the parents were informed about
the study orally and in writing.

All mothers had an unrestricted diet during
pregnancy and lactation, and were encouraged to
breast-feed exclusively. If breast-feeding was not
possible or insuf®cient, feeding an extensively
hydrolyzed casein formula (Nutramigen), an
extensively hydrolyzed whey formula (Profylac)
or a partially hydrolyzed whey formula (Nan HA)
was advised during the ®rst 4 months of life.

At birth, all high-risk infants were randomized
to one of these three formulas, according to the
date of birth. Before the start of the project the
project year was divided into consecutive periods
of 3 days. By lot it was decided that children born
on day 1 belonged to group A and children born
on days 2 and 3 in each period then belonged to
group B or C, respectively. Thus, one-third of
these high-risk infants were placed in each of the
three groups.

The three different formulas were blinded in
identical cans named A, B, or C. The coding and
distribution from original to identical cans were
performed by an independent company, Nomeca,

allowed by the Danish Authorities to follow this
type of procedure. It was recommended not to
introduce cow's milk, cow's milk products
(including conventional cow's milk-based for-
mula), and solid foods until the age of 4 months.
If there was a need for supplement during the ®rst
days of life until lactation was established, water
was recommended, and only if there was a
medical indication for supplement were the
infants offered formula A, B or C. After the
age of 4 months we recommended a normal
unrestricted diet and conventional cow's milk-
based formula, when a substitute formula was
required. Furthermore, it was recommended to
avoid daily exposure to tobacco smoke, furred
pets, and damp housing conditions.

The parents of these high-risk infants were
informed orally and in writing during pregnancy
and at the hospital soon after birth. The infants
were followed-up prospectively, and the diet,
various environmental factors, and any symp-
toms, were recorded. At the age of 6, 12, and
18 months, and if possible atopic symptoms
developed, all the infants underwent physical
investigation by one of the authors, and the
individual case histories and data were recorded
for each child. Upon any suspicion of food
allergy, controlled elimination/challenge proce-
dures were performed. At the age of 18 months,
and if the child had atopic symptoms, a SPT was
performed, and speci®c IgE against milk, egg,
peanut, birch, grass, mugworth, dog, cat, horse,
house dust mites Dermatophagoides pteronyssinus
and D. farina, Alternaria alternata and Aspergillus
fumigatus were analyzed.

The blinded coding of the products was not
revealed until all the data registration was
complete. Product A was Nutramigen, B was
Profylac, and C was Nan HA.

De®nitions

High-risk infants. High-risk infants were identi-
®ed when both parents had or had had doctor-
diagnosed and treated atopic disease (asthma,
hayfever, atopic dermatitis, allergic urticaria,
and food allergy), or severe single atopic predis-
position combined with CB IgEi 0.3 kU/l.
Severe atopic predisposition was present in the
latter group when one parent and/or one or
more older sibling had, or had had, atopic dis-
ease with perennial symptoms or symptoms
from more than one organ system. We did not
perform any testing (SPT, speci®c IgE) of par-
ents or siblings.
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Any atopic symptoms. Any atopic symptoms
were de®ned as infants having one or more of
the symptoms: asthma, atopic dermatitis, aller-
gic rhinoconjunctivitis or at least two episodes
of allergic urticaria.

Asthma. Asthma was de®ned as at least three
episodes of wheezing, requiring bronchodilata-
tor treatment, and diagnosed by a physician.

Recurrent wheezy bronchitis. Recurrent wheezy
bronchitis was de®ned as at least two episodes
of respiratory infections associated with wheez-
ing, requiring bronchodilatator treatment, and
diagnosed by a physician.

Atopic dermatitis. Atopic dermatitis was diag-
nosed if physical examination revealed areas of
scaly, erythematous and itchy eczematous rash,
primarily of the face, the scalp, and at the ¯ex-
ural folds. Only eczema with at least two loca-
tions in typical areas and chronically/relapsing
with a duration of at least 3 months was
recorded.

Allergic urticaria. Allergic urticaria was regis-
tered when a physician diagnosed at least two
episodes caused by the same allergen.

Rhinoconjunctivitis. Rhinoconjunctivitis was
diagnosed when typical symptoms lasted at
least 1 month or recurred on exposure to the
same allergen (diagnosed by a physician).

Food allergy. Food allergy was de®ned as
reproducible reactions diagnosed by controlled
elimination/challenge procedures.

Cow's milk allergy. Cow's milk allergy was
diagnosed in cases of reproducible atopic symp-
toms (skin, gastrointestinal, and respiratory)
temporally associated with cow's milk ingestion.
The following criteria had to be ful®lled: (i)
de®nite disappearance of symptoms after each
of two dietary eliminations of cow's milk and
cow's milk products; (ii) recurrence of identical
symptoms after one challenge; and (iii) exclu-
sion of lactose intolerance and coincidental
infection.

All challenges were performed open, but with
equivocal results the challenge was repeated and
blinded.

Social status. Social status was registered,
according to the social grouping system of the

Danish Social Research Institute, when the
child was 18 months old. This grouping system
resulted in ®ve social classes (I±V), according to
education and employment on which the family
income was gained, with class V being the
lowest.

Milk challenges

The children were maintained on a milk-free diet
for at least 1±2 weeks before milk challenge. All
challenges were performed in a controlled
hospital setting and observed by a doctor and a
nurse. The challenges were performed with cow's
milk or conventional cow's milk-based formula
(Allomin or NAN) starting with a dose of 5 ml
followed by 10, 20, 40, and 80 ml at 30-min
intervals. If no symptoms occurred after 3 h (a
total cumulative dose of 155 ml) the child was
sent home with instructions to take increasing
amounts at home until a customary daily intake
of milk was tolerated. When late reactions
occurred, the patients were re-examined at the
hospital as soon as possible, and when a reaction
was suspected the last dose was repeated. Before
and after challenge and on any adverse reaction,
the patients were examined and symptoms and
signs were noted.

In patients with equivocal results, double-
blind placebo-controlled challenges (DBPCC)
were performed with one placebo and one
active formula, following a previously described
and accepted procedure (26). An extensively
hydrolyzed casein formula (Nutramigen) with
cherry juice was used as placebo and
Nutramigen+ cherry juice+milk in different con-
centrations as the active formula. The procedure
was as described for open challenges.

Hypoallergenic infant formulas

The formulas used in this study were as follows.

Nutramigen. Nutramigen (Mead Johnson Nutri-
tionals, Evansville, IN, USA) is an extensively
hydrolyzed casein formula with a MW
v1500Da.

Profylac. Profylac (ALK, Hùrsholm, Denmark)
is an extensively hydrolyzed, ultra®ltrated whey
formula with a MWv8000 Da.

Nan HA. Nan HA (NestleÂ, Geneva,
Switzerland), is a partially hydrolyzed whey for-
mula with a MW in the range of 5000±40 000
Da (15, 21, 22).
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Ethics

The study was approved by the human research
ethics committee. All the parents were supplied
with information orally and in writing, and the
parents gave informed consent before entering
their children in the study.

Statistics

Data management and statistical analyses were
performed using the PC programme SPSS, version
8.0, for Windows. For comparison of groups the
chi-square test or Fisher's exact test was used. All
calculations on p-values were based on two-
tailed tests and the p-value of signi®cance was
0.05. Application of statistical methods and
calculations were discussed with an experienced
statistician.

The aim of the study was to compare the
allergy-preventive effect of partially and exten-
sively hydrolyzed formulas, and thus it was not
relevant to follow the intention-to-treat principle.

Results

Study population, nutrition, confounding

Parents of the 595 high-risk infants were informed
(orally and in writing) about the study soon after
the birth of their child. The parents of 19
infants did not want to participate; three infants
were born prematurely [gestationalage
(GA)v34 weeks]; and 23 infants received, for
some reason, supplements of another formula
(Profylac, Nutramigen, Pregestimil or conven-
tional cow's milk-based formula) during the ®rst
few days of life. Thus, 550 high-risk infants were
included in the study: 151 from Sùnderborg, 199
from Odense, 91 from Glostrup and 109 from
Viborg.

Thirty-six children dropped out during the
study: 12 before the ®rst visit at 6 months, a
further 12 between 6 and 12 months, and 12
between 12 and 18 months of age. Data were
available for children, who did not drop out
before the ®rst visit, at 6 months of age. Of those

who dropped out after the age of 6 months, 15
were exclusively breast-fed, one had formula A,
two had formula B, four had formula C, and two
had ordinary cow's milk-based formula during
the ®rst 4 months of life.

A total of 514 (93%) children completed the
follow-up until 18 months of age. Twelve
children were investigated only twice: 11 at 6
and 18 months of age, and one at 12 and
18 months of age. Only children investigated at
the age of 18 months were included in the
analyses. Of these 514 children, 36 were
excluded: four did not ful®l the inclusion
criteria and 32 were excluded because of non-
compliance to the dietary measures. Seventeen
were fed breast milk and Nutramigen, Profylac
or Nan HA between 0 and 4 months of age. Six
had two different blinded products A/B/C
(two A + B, and four B + C). Probably because
of the taste, these six infants would not accept
the formula to which they were originally
allocated (two to A and four to B) and
therefore their parents tried another product
(two used B and four used C), but one infant
would accept neither A nor B. Ten had A/B/C
and supplements of conventional cow's milk-
based formula or Nan HA before the age of
4 months; one of these infants also had both
products A and B. The group of 32 children
who were excluded owing to dietary non-
compliancy were breast-fed for a shorter
duration, had solid foods introduced at an
earlier age, and were exposed more to tobacco
smoke than the children who were compliant
with the dietary measures. The children who
were excluded did not differ from the rest of
the children with regard to gender, atopic
predisposition, birthplace, or any of the other
environmental factors.

Thus, a total of 478 high-risk infants completed
the study. Two-hundred and thirty-two infants
were breast-fed exclusively during the ®rst
4 months (16 weeks) of life. Of the infants who
were not exclusively breast-fed, 79 received
product A, 82 product B, and 85 product C, in

Table 1. Gender, atopic predisposition, and cord blood immunoglobulin E (CB IgE)

Total
(n5478)

BF
(n5232)

Nutramigen
(n579)

Profylac
(n582)

Nan HA
(n585)

Double-disp. 161 (34) 80 (34) 30 (38) 18 (22) 33 (39)
Single disp + CB IgEi0.3 kU/l 317 (66) 152 (66) 49 (62) 64 (78) 52 (61)
CB IgE median 0.50 0.50 0.41 0.50 0.50
Boys 269 (56) 125 (54) 45 (57) 49 (60) 50 (59)
Girls 209 (44) 107 (46) 34 (43) 33 (40) 35 (41)

Results are expressed as n (%).
BF, exclusively breast-fed children; Double-disp., biparental atopic disposition; Single disp; severe single parental atopic disposition.
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different amounts and duration during the ®rst
4 months of life, all according to the initial
randomization.

The four groups were identical with regard to
atopic predisposition, cord blood IgE, and gender
(Table 1). Environmental factors are shown in
Table 2. Children breast-fed exclusively were
exposed less to tobacco smoke and to pets at
home, and belonged to higher social classes than
the three formula groups, whereas the three
formula groups were identical in regard to
environmental factors.

The frequency of breast-feeding was high: only
eight (2%) children were not breast-fed at all; 35

(7%) were breast-fed for a short period of less
than 1 month; and 370 (77%) children were
breast-fed for at least 3 months (Table 3). The
three formula groups (A, B, and C) were identical
regarding the duration of breast-feeding
(Table 3). Only eight children were exclusively
formula fed from birth. Only 11 (2%) children
had solid food before the age of 4 months.

A total of 246 children had supplements of one
of the three formulas during the ®rst 4 months of
life. In 73 (30%) of these children, formula was
introduced during the ®rst week of life and a
further 52 (21%) had formula introduced during
the ®rst month. Table 4 shows the age of
introduction of formula. The median age of
introduction of formula was 1 month in children
in the three formula groups, without any
signi®cant difference between the three groups.
In 238 of 246 infants, data concerning the amount
of formula given to the children were available.
As seen in Table 5, 62 children had formula only
a few times, 72 had formula every day as a
supplement to breast-feeding, and 104 children
were fed formula exclusively for a period of at
least 1 week. The three formula groups were
identical concerning age of introduction of
formula and amount of formula given to the
children.

Solid foods were introduced at a later age in the
group of children who were exclusively breast-fed
than in formula-fed infants (median age 5.0
months vs. 4.0 months, p v 0.01), but there was
no difference between groups A, B or C.

Development of atopic symptoms

Table 6 shows the cumulative incidence of atopic
symptoms from birth until 18 months of age.
Children who were exclusively breast-fed had a
signi®cantly lower cumulative incidence of recur-
rent wheezy bronchitis than the formula groups
at 6 months (p 5 0.01), 12 months (p 5 0.004),
and 18 months (p 5 0.001) of age. No signi®cant

Table 2. Environmental factors in breast-fed high-risk infants (BF) compared
with formula-fed high-risk infants

Total
(n5478)

BF
(n5232)

Formula
(n5246)

Tobacco smoke

No 301 (63) 168 (72)** 133 (54)
At home 177 (37) 64 (28)** 113 (46)
Mother 102 (21) 30 (13)** 72 (29)

Pets
No 298 (62) 154 (66) 142 (58)
At home 180 (38) 76 (33)* 104 (42)
Day care 87 (18) 34 (15) 53/230 (23)

Day care 340 (71) 161 (69) 179 (75)
Before 6 months 29 15 14
n.i. 10 3 7

Housing conditions
Flat 102 (22) 49 (21) 53 (22)
House 370 (78) 179 (77) 191 (78)
n.i. 6 4 2

Social class**
I 54 (11) 41 (18) 13 (5)
II 45 (9) 23 (10) 16 (9)
III 99 (21) 56 (24) 43 (18)
IV 176 (37) 79 (34) 97 (40)
V 100 (21) 31 (13) 69 (28)
n.i. 4 2 2

Results are expressed as n (%).
n.i., no information
*BF compared with formula (A/B/C) p 5 0.040, chi-square test.
**BF compared with formula (A/B/C) p v 0.001, chi-square test.

Table 3. Duration of breast-feeding

Duration
(months)

All
(n5478)

Nutramigen
(n579)

Profylac
(n582)

Nan HA
(n5 85)

0 8 (2) 2 (2) 2 (2) 4 (5)
w0 470 (98) 77 (97) 80 (98) 81 (95)
i1 435 (91) 65 (79) 67 (82) 72 (85)
i2 396 (83) 52 (66) 59 (72) 54 (64)
i3 370 (77) 44 (56) 48 (59) 47 (55)
i4 319 (67) 30 (38) 35 (43) 39 (46)
i5 182 (38) 16 (20) 21 (26) 20 (24)
i6 85 (18) 9 (11) 10 (12) 10 (12)
Median 4.5 3.5 3.5 3.8

Results are expressed as n (%).
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differences were found in the incidence of asthma,
rhinoconjunctivitis or atopic dermatitis. The
cumulative incidence of parental-reported
adverse reactions to foods (food allergy), the
greatest number being against cow's milk, was
highest in group C (Nan HA). The cumulative
incidence of parental-reported cow's milk allergy
was signi®cantly higher in group C infants
compared with infants of groups A and B at
the age of 12 months (A, 2.5%; B, 0; C, 7.1%;
p5 0.033) and 18 months (A, 2.5%; B, 0; C, 7.1%;
p 5 0.033). At the age of 12 months, the cumu-
lative incidence of parental-reported food allergy
was signi®cantly higher in group C compared
with groups A and B (A, 3.8%; B, 1.2%; C, 11.8%;
p 5 0.009). One-hundred and twenty-®ve children
had formula milk introduced to their diet during
the ®rst 4 weeks of life. Among these children, the
cumulative incidence of parental-reported food

allergy was signi®cantly higher in group C
compared with groups A and B at 12 months
(groups A and B: 4% [three of 78] vs. group C:
15% [seven of 47]; p 5 0.040) and at 18 months
(groups A and B: 4% [three of 78] vs. group C:
17% [eight of 47]; p 5 0.020). Groups A and B
were identical regarding the cumulative inci-
dences of atopic symptoms and reported food
allergies. The 32 children who ful®lled the
inclusion criteria, but who were excluded owing
to `dietary breaks', did not differ in regard to the
cumulative incidence of atopic symptoms.

Figures 1 and 2 show the time-course of
cumulative incidences and point prevalence of
any atopic symptoms, atopic dermatitis, paren-
tal-reported food allergy, and parental-reported
milk allergy. In both, for cumulative incidences
and point prevalence, there is a tendency that the
Nan HA group had higher frequencies of

Fig. 1. Cumulative incidence (CI) (%) of atopic symptoms, atopic dermatitis, parental-reported food allergy (FA), and parental-
reported cow's milk allergy (CMA) in exclusively breast-fed children (BF), and children fed Nutramigen (A), Profylac (B) and Nan
HA (C) until 6, 12, and 18 months of age. Atopic symptoms: asthma, rhinoconjunctivitis, atopic dermatitis, and urticaria.
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symptoms, although this was only signi®cant for
parental-reported food allergy.

Development of food allergy

Controlled elimination/challenge procedures with
cow's milk were performed in 65 children: open-
controlled challenges in 62 and double-blind,
placebo-controlled food challenges in three. Nine
of the 62 open challenges and none of the double-
blind, placebo-controlled food challenges were
positive. One of the nine positive open challenges
could not be con®rmed by a double-blind,
placebo-controlled food challenge. The remain-
ing eight had unambiguous positive open chal-
lenges and double-blind, placebo-controlled food
challenges were not performed. No placebo
reactions were recorded.

Ten children underwent controlled elimination/
challenge procedures with egg, two with wheat,
and one with cod®sh. Six had positive reactions

against egg, one had a positive reaction against
wheat, and none had positive reactions against
cod®sh. Two of the reactions against egg were
con®rmed by DBPCC; the remaining four had
unambiguous reactions upon open challenges.
No placebo reactions were recorded.

Thus, eight children had con®rmed cow's milk
allergy, six had food allergy against egg, and one
food allergy against wheat (Table 7). Two
children experienced positive challenges against
both milk and egg, and a further one had
reactions against milk, egg, and wheat.
Reactions against vegetables, fruits, nuts, and
additives are not diagnosed by controlled elim-
ination/challenge procedures and were therefore
referred to as parental-reported reactions.

All but one of the children with cow's milk
allergy had at least two different atopic symp-
toms, and the child with only one symptom had
severe atopic dermatitis. All children with cow's
milk allergy had an onset of symptoms before

Fig. 2. Point prevalence (PP) (%) of atopic symptoms, atopic dermatitis, parental-reported food allergy (FA) and parental-
reported cow's milk allergy (CMA) in exclusively breast-fed children (BF), and children fed Nutramigen (A), Profylac (B), and
Nan HA (C) at 6, 12, and 18 months of age. Atopic symptoms: asthma, rhinoconjunctivitis, atopic dermatitis, and urticaria.
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1 year of age: six before 6 months, one at
9 months, and one at 11 months of age. Three
children with cow's milk allergy were exclusively
breast-fed during the ®rst 4 months of life,
another one was breast-fed but had supplements
of Nutramigen during the ®rst few days of life,
and four had Nan HA in varying amounts during
the ®rst 4 months of life. All these children had
solid foods introduced after the age of 4 months.
The total cumulative incidence of cow's milk
allergy was eight of 478 (1.7%): three of 232
(1.3%) in children exclusively breast-fed, one of
161 (0.6%) in children fed extensively hydrolyzed
formula (Nutramigen, one of 79 5 1.3%; or
Profylac, none of 82) and four of 85 (4.7%) in
children fed a partially hydrolyzed formula (Nan
HA). Thus, the cumulative incidence of con-
®rmed cow's milk allergy was signi®cantly higher
among infants fed partially hydrolyzed formula
compared with infants fed extensively hydrolyzed
formula (p 5 0.05, Fisher's exact test). No
difference was found between the Nutramigen
and the Profylac group.

All the children with cow's milk allergy
tolerated Nutramigen and/or Profylac but not
Nan HA.

Discussion

In this prospective study we compared the allergy-
preventive effect of an extensively hydrolyzed
casein formula (Nutramigen), an extensively
hydrolyzed and ultra®ltrated whey formula
(Profylac), and a partially hydrolyzed whey
formula (Nan HA). Only children with a high
risk for development of atopic disease were
included. Identical methods and diagnostic cri-
teria were used in all centres, where the investiga-
tions were performed by pediatricians with special
knowledge and experience of allergic diseases in
children. Ideally a control group of infants fed a
conventional cow's milk-based formula should
have been included. However, for ethical reasons
it was not possible to allocate high-risk infants to a

conventional cow's milk-based formula in
Denmark. For the same reasons it was not
possible to randomize Danish infants to breast-
feeding or formula feeding. All mothers were
encouraged to breast-feed, but in instances where
breast-feeding was not possible or insuf®cient, the
infants were given one of the three blinded
products, according to randomization. The inclu-
sion of a total birth cohort of 1 year and the
method of randomization takes into account
seasonal variations and possible variations
caused by the day of the week on which the
children were born.

The compliance and follow-up rate (93%) were
high and most of the children followed the dietary
allergy-prevention program, as recommended.
The frequency of breast-feeding was high and
most (67%) of the children were breast-fed for
longer than 4 months. Thus, very few children
were formula fed exclusively and most of the
children in the three formula groups received

Table 4. Age at introduction and duration of feeding with the following formulas: Nutramigen, Profylac, and Nan HA

Formula*

Age at introduction
(months)

Duration
(months)

Any
(n5246)

Nutramigen
(n579)

Profylac
(n582)

Nan HA
(n585)

0 4 73 (30) 22 (28) 23 (28) 28 (33)
w0±v1 3±4 52 (21) 16 (20) 17 (21) 19 (22)
i1±v2 2±3 48 (20) 19 (24) 13 (16) 16 (19)
i2±v3 1±2 40 (16) 10 (13) 16 (20) 14 (16)
i3±v4 v1 33 (13) 12 (15) 13 (16) 8 (9)
Median age at introduction 1.0 1.3 1.4 1.0

*Data are expressed as n (%).

Table 5. Number (%) of children fed the formulas Nutramigen, Profylac or Nan
HA in varying amounts during the ®rst 4 months of life

Any
(n5246)

Nutramigen
(n579)

Profylac
(n582)

Nan HA
(n585)

(n581)*(n5238)* (n578)* (n579)*

Seldom{ 62 (26) 21 (27) 17 (21) 24 (28)
Partly{{ 72 (30) 21 (27) 22 (27) 29 (34)
Exclusively1 in a period 104 (44) 36 (46) 40 (49) 28 (33)
Exclusively from age:

0±1 months 42 (18) 15 (19) 15 (19) 12 (15)
1±2 months 27 (11) 10 (13) 7 (9) 10 (12)
2±3 months 20 (8) 6 (8) 10 (13) 4 (5)
3±4 months 15 (6) 5 (6) 8 (10) 2 (3)

Median 1.5 1.8 1.4

Data are expressed as n (%).
*Data were available only for these children.
{Seldom, only formula as a supplement a few times during the whole 0±4-
month period.
{{Partly, formula used daily, but only as a supplement to breast feeding until
4 months of age. Breast feeding contributed to the nutrition of the child with an
amount corresponding to at least one daily meal.
1Exclusively, or almost exclusively formula feeding from a certain age until 4
months of age. These children may have had a minor amount of breast milk
during this time-period as well as supplements of formula for a period before.
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formula (in varying amounts) as a supplement to
breast-feeding. In 30% (73 of 246) of the children
in the three formula groups, formulas were
introduced during the ®rst week of life. No
differences of age at introduction or amount of
formula used were found between the three
formula groups. The median age for introduction
of formula was 1 month.

The children exclusively breast-fed differed
signi®cantly from the children in the formula
groups in regard to age at introduction of solid
foods, exposure to tobacco smoke at home and
maternal smoking, exposure to pets at home, and
social status. No differences were found among
the three formula groups.

Children who were exclusively breast-fed had a
lower incidence of wheezy bronchitis than did
children in the three formula groups. This
difference may be explained, in part, by differ-
ences in environmental factors, especially ex-
posure to tobacco smoke, and socio-economic
status. The group of breast-fed children was not
comparable with formula-fed children.

The aim of the present study was to compare
the allergy-preventive effect of three different

hydrolyzed formulas ± particularly regarding the
allergen-speci®c effect on the development of
cow's milk allergy. Therefore this work does not
include a comparison with exclusively breast-fed
children and does not include an evaluation of
different risk factors for the development of
atopic disease. The three formula groups were
comparable in regard to factors other than the
formula used, and therefore we used the chi-
square test or Fisher's exact test for comparison of
the groups. All calculations of p-values were
based on two-tailed tests. Both in a previous and
in the present study we found no differences in the
incidences of any atopic symptoms, parental-
reported food allergy or con®rmed cow's milk
allergy in the two groups receiving extensively
hydrolyzed formula, which allowed us to combine
these two groups in the statistical analyses. As the
aim was to compare the allergy-preventive effect
of different hydrolyzed formulas and not to
compare the effect on the populations, it was
not relevant to follow the intention-to-treat
principle (27).

No signi®cant differences were found regard-
ing cumulative incidence of atopic symptoms. It

Table 6. Cumulative incidence of atopic symptoms in children from 0±18 months of age fed Nutramigen, Profylac, or Nan HA, or exclusively breast-fed (BF) from
0±16 weeks of age

BF
(n5232)

Nutramigen
(n579)

Profylac
(n582)

Nan HA
(n585)

Excluded
(n532)

Asthma 21 (9.1) 11 (13.9) 5 (6.1) 5 (5.9) 4 (12.5)
Wheezy bronchitis 50 (21.6)* 27 (34.2) 29 (35.4) 30 (35.3) 10 (31.3)
Rhinoconjunctivitis 8 (3.4) 4 (5.1) 2 (2.4) 3 (3.5) 0
Atopic dermatitis 67 (28.9) 20 (25.3) 16 (19.5) 24 (28.2) 7 (21.9)
Urticaria 4 (1.7) 4 (5.1) 1 (1.2) 2 (2.4) 1 (3.1)
Any symptom1 81 (34.9) 30 (38.0) 20 (24.4) 29 (34.1) 11 (34.3)
Food allergy" 19 (8.2) 7 (8.9) 5 (6.1) 13 (15.3) 1 (3.1)

Milk 6 (2.6) 2 (2.5) 0 6 (7.1){{ 0
Egg 4 (1.7) 4 (5.1) 1 (1.2) 1 (1.2) 0
Fish 2 (0.9) 0 0 1 (1.2) 0
Citrus 6 (2.6) 1 (1.3) 0 0 0
Peanut 0 0 0 0 0
Others 11 (4.7) 4 (5.1) 4 (4.9) 7 (8.2) 1 (3.1)

Data are expressed as n (%).
*Breast-fed vs. formula-fed infants: p 5 0.001 (chi-square test).
{Nan HA vs. Nutramigen vs. Profylac; p 5 0.033 (Fisher's exact test).
{Nan HA vs. Nutramigen + Profylac; p 5 0.022 (Fisher's exact test).
1Any symptom (asthma, rhinoconjunctivitis, atopic dermatitis, urticaria).
"Parental-reported food allergy.

Table 7. Food allergy

Total
(n5478)

BF
(n5232)

Nutramigen
(n579)

Profylac
(n582)

Nan HA
(n585)

Milk 8 (1.7) 3 (1.3) 1 (1.3) 0 4 (4.7)*
Egg 6 (1.3) 4 (1.7) 2 (2.5) 0 0
Wheat 1 (2.1) 1 (0.4) 0 0 0

*Nan HA compared with Nutramigen + Profylac; p 5 0.05 (Fisher's exact test).
Reactions were con®rmed by controlled elimination/challenge procedures. Results represent the cumulative incidence from 0±18 months and are expressed as n (%).
BF, exclusively breast-fed.
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is well known that asthma and allergic rhinitis
most commonly develop later in childhood.
Previous controlled studies (11, 14, 16, 28) have
not shown any effect of a dietary allergy-
prevention program on the development of
asthma and/or inhalant allergy. Similar results
in this study support these ®ndings. However, in
one Finnish study (29) of unselected newborns
followed-up to 17 years of age, breast-feeding
was associated with a lower `prevalence of
respiratory allergy' up to 17 years of age
compared with children fed conventional cow's
milk-based formula, but this study was neither
randomized nor controlled for confounders.

As in our previous study (9) we found no
difference regarding development of food allergy
between the two groups receiving extensively
hydrolyzed formula. Thus, for the statistical
analyses we made comparisons between all three
formula groups and between the partially hydro-
lyzed formula group and the two extensively
hydrolyzed formula groups combined. The cumu-
lative incidence of parental-reported food allergy
at 12 months and cow's milk allergy at 12 and
18 months were signi®cantly lower in children fed
extensively hydrolyzed formula (Profylac or
Nutramigen) compared with partially hydrolyzed
formula (Nan HA). Among children who were
given formula before 1 month of age, the
cumulative incidence of parental-reported food
allergy until the age of 12 and 18 months was
lower in children fed extensively hydrolyzed
formula compared with partially hydrolyzed
formula.

In all children with suspected adverse reactions
to foods, controlled elimination/challenge proce-
dures were performed. food allergy was found in
very few children (12 of 478 5 2.5%). Thus, cow's
milk allergy was con®rmed in a total of eight of
478 (1.7%) children, with three of 232 (1.3%) in
the group of exclusively breast-fed children. The
cumulative incidence of cow's milk allergy until
the age of 18 months was one of 161 (0.6%) in the
children receiving extensively hydrolyzed formula
(Nutramigen or Profylac) and thus signi®cantly
lower than four of 85 (4.7%) in the children who
were fed partially hydrolyzed formula (Nan HA)
(p 5 0.05). Six children had allergy against egg
and one had allergy against wheat, but no
reactions against other foods were documented.
Owing to the low incidence of allergy, the results
regarding differences between groups should be
interpreted with caution. Compared with some
other studies (17±19) the incidence of cow's milk
allergy in high-risk infants is low. This difference
may be the result of a high frequency of breast-
feeding or because of methodological differences.

The low incidence of atopic symptoms and food
allergy in this study is in accordance with our
previous report (16) although the duration of the
dietary restriction in the present study was shorter
± 4 months compared with 6 months. Another
study with comparable results (11, 14) included
extensively hydrolyzed formula and a restrictive
diet for a long period ± up to 2±3 years for some
foods. Based on the present knowledge, restrictive
preventive diets after the age of 4±6 months does
not seem to be scienti®cally based.

Only one recent Swedish study, by Oldñus et al,
compared the effect of an extensively and a
partially hydrolyzed formula (25). In that study
most children were breast-fed for a long time-
period and formulas were introduced late (median
3.3±3.8 months). Compared with conventional
cow's milk-based formula, a preventive effect
(regarding the cumulative incidence of atopic
symptoms) for up to 18 months was found for
both the partially hydrolyzed formula and the
extensively hydrolyzed formula, although a
greater effect was reported in the group receiving
extensively hydrolyzed formula at 6 and 9 months.
Concerning cow's milk allergy, no signi®cant
differences were reported.

The methods used in our study seem, to a great
extent, comparable with those of the Swedish
study (25). However it is noteworthy that the
partially hydrolyzed formula used in the Swedish
study was a special, non-commercial product and
is probably not comparable with the partially
hydrolyzed formula used in our study, Nan HA,
with respect to the degree of hydrolysis.

In the Swedish study (25), the cumulative
incidence of atopic symptoms until the age of
18 months was 51%, 64%, 84%, and 67% in high-
risk infants who were fed extensively hydrolyzed
formula (Nutramigen), partially hydrolyzed for-
mula, routine milk formula or breast milk, which
is rather high compared with the corresponding
®gures in our study: 38%/24%, 34%, and 35% in
the extensively hydrolyzed formula (Nutramigen/
Profylac), partially hydrolyzed formula (Nan
HA) and breast-fed groups, respectively. In the
Swedish study it was concluded that most of the
differences in morbidity in the four groups
emerged during the ®rst 3±6 months. In our
study an early onset of food allergy was found,
whereas the cumulative incidence of both atopic
dermatitis and respiratory symptoms increased
during the study period without any signi®cant
differences between the study groups (Figs 1
and 2).

In contrast to the Swedish study (25), and also
to other previous studies (4±6, 10±13, 28), the
present study included no dietary restrictions to
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the pregnant/lactating mother, and the infants
were advised normal infant feeding without any
special dietary restrictions after the age of 4
months. Despite the less extensive diet and shorter
duration of the dietary period in this study, we
found very low frequencies of atopic symptoms
and food allergy, especially cow's milk allergy.
Thus, preventive dietary restrictions for the
infants ± comprising only avoidance of cow's
milk proteins and solid foods ± during the ®rst
4 months of life seems to be suf®cient, and dietary
restrictions for the pregnant/lactating mother
seem unnecessary.

Owing to a very high frequency of breast-
feeding, especially in high-risk infants, studies on
the preventive effect of HAF should include a very
large study population in order to reach appro-
priate statistical power. Thus, a high frequency of
breast-feeding in our study in¯uenced the number
of formula-fed infants.

Conclusion

In this prospective, double-blind, randomized
study, only a few children developed cow's milk
allergy and other food allergy. In general, a low
incidence of cow's milk allergy was found in
breast-fed as well as hypoallergenic formula-fed
infants, probably owing to a very high frequency
of breast-feeding. Partially hydrolyzed formula
was less effective than extensively hydrolyzed
formula for preventing cow's milk allergy.
Because of the small number of cases these results
should be interpreted with caution. No difference
was seen as regards development of respiratory
allergy. Compared with other similar studies the
frequency of atopic symptoms was low, even
though the dietetic intervention did not include
restrictions to the maternal diet during lactation
or dietary restrictions to the children after the age
of 4 months. A dietary prevention programme
including only the ®rst 4 months of life seems
suf®cient.
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