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INTRODUCTION

Atopic dermatitis (AD), which is a common allergic disease that
often develops during infancy, is a chronic inflammatory skin
disease that occurs concurrently with severe itching. According
to a cohort study conducted in Britain, the prevalence of AD in
children born in 1946, 1958, and 1970 continuously increased,
being 5.1%, 7.3%, and 12.2%, respectively (1). Surveys of allergic
diseases in school age children conducted in 1979 and 1991 in
Sweden also showed that the prevalence of AD increased from
7.05 to 18.25% (2). Moreover, according to the results of the In-
ternational Study of Asthma and Allergies in Children (ISAAC)
Phase One and Three, AD is increasing worldwide (3). When
reviewing the results of an epidemiological study conducted by
the Korean Academy of Pediatric Allergy and Respiratory Disease
(KAPARD) in 2000, the domestic prevalence of AD was 24.9% in
elementary school students and 12.8% in middle school students,
which increased from values reported in 1995 (4). Another study
showed that the prevalence of AD in elementary school students
was 33.9% in Ilsan in 2005 (5). According to a recent study, the
prevalence of AD in children in Korea was 28.9% in 2006 based
on questionnaires (6).

AD is often associated with food allergy (7-9), and some stud-
ies have reported that 37% of patients have AD (8). Cow’s milk
allergy is a relatively common disease that occurs in 2% to 3% of
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Cow's milk is one of the most common food allergens in children with atopic dermatitis
(AD). This study was conducted to describe the natural course of cow's milk allergy in
children with AD, and to identify factors predictive of outcome. To accomplish this, we
reviewed the medical records of 115 children who were diagnosed with AD and cow's milk
allergy before 24 months of age to evaluate their clinical characteristics and prognostic
factors. During a follow-up period of 24 to114 months, the median age for tolerance to
cow's milk was found to be 67 months. Multivariate analysis using the Cox proportional
hazard model revealed that the peak cow's milk-specific IgE level within 24 months after
birth was the most important factor for prediction of the outcome of cow's milk allergy.

In conclusion, half of the children younger than 24 months of age with AD and cow's milk
allergy could tolerate cow's milk at 67 months of age. The peak cow's milk-specific IgE level
within the first 24 months of birth is useful to predict the prognosis of cow's milk allergy in
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infants (10), and 1/3 of patients with AD have cow’s milk allergy
(11). Conversely, 40% to 50% of cow’s milk allergic patients less
than one year of age have been diagnosed with AD (11). The
prognosis of cow’s milk allergy is relatively good. Host reported
that cow’s milk allergy spontaneously disappeared in 50%, 70%,
and 85% of 1, 2, and 3 yr-old children, respectively (12). Howev-
er, these results differed depending on geographic region, race,
and diagnostic criteria (13, 14).

In Korea, the prevalence of cow’s milk allergy in patients with
AD is reportedly 4.5%; however, this was based on the results of
a study conducted at a single institution (15). In addition, no stud-
ies of the natural course of cow’s milk allergy in Korea have been
conducted to date.

Therefore, this study was conducted to determine the natural
course of cow’s milk allergy in Korean children with AD and an-
alyzed prognostic factors that affected the outcome of cow’s milk
allergy.

MATERIALS AND METHODS

Patients

Of the patients who visited the Samsung Medical Center Allergy
Clinic between January 2000 and May 2008, 115 children, diag-
nosed with both AD and cow’s milk allergy within the first 24
months of birth, were included in this study. The patients were
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followed for at least 24 months in the outpatient clinic. AD was
diagnosed according to the criteria described by Hanifin and
Rajka (16). Those with a convincing history of adverse reaction
within two hours of a single ingestion of cow’s milk and with se-
rum cow’s milk-specific IgE levels higher than 0.35 kU/L were
considered to have cow’s milk allergy. Adverse reactions includ-
ed skin rash, urticaria, angioedema, diarrhea, vomiting, cough-
ing, wheezing or breathing difficulty. When the cow’s milk-spe-
cific IgE level was 5 KU/L or higher, the patients were also diag-
nosed with cow’s milk allergy according to the 95% positive pre-
dictive value diagnostic criteria (17, 18), even if the clinical symp-
toms were vague or uncertain. Cow’s milk-specific IgE testing
was conducted using the immunoCAP (Pharmacia, Uppsala,
Sweden) system. When the cow’s milk-specific IgE level was 100
kU/L or higher, the value was reported as 101 kU/L.

Methods

The medical records of 115 patients were retrospectively reviewed
for gender, age at AD occurrence, family history of allergic dis-
ease, duration of breastfeeding, restriction of milk by mothers
during lactation prior to the diagnosis of cow’s milk allergy, age
at the introduction of solid food, serum total IgE and cow’s milk-
specific IgE level at the first visit, peak serum total IgE and cow’s
milk-specific IgE during the first 24 months after birth to identi-
fy prognostic factors associated with the resolution time for cow’s
milk allergy.

Cow’s milk ingestion was strictly restricted once patients were
diagnosed with cow’s milk allergy. Mothers of breastfed patients
avoided to cow’s milk and its products, and formula fed patients
received extensively hydrolyzed formula. The patients were asked
to visit the hospital regularly for clinical evaluation and blood
testing to determine cow’s milk-specific IgE and total IgE level
at least once a year. The development of tolerance to cow’s milk
was confirmed by either an open food challenge test conducted
in the hospital or based on a medical history of no specific symp-
toms after ingesting milk at home. Patients who had persistent
cow’s milk allergy until the last visit and were not followed up
for more than one year underwent a telephone survey to deter-
mine the cow’s milk allergy resolution time.

Statistical analysis

SAS 9.2 (SAS institute, Inc., Cary, NC, USA) and SPSS 18 (SPSS
Inc., Chicago, IL, USA) were used for the statistical analysis. To
investigate the natural course of cow’s milk allergy, an accumu-
lative survival curve was drawn using the Kaplan-Meier method,
and prognostic factors associated with cow’s milk allergy reso-
lution time were analyzed. The Cox proportional hazard model
was used to analyze the impact of univariate and multivariate
variables. In addition, standardized coefficients calculated by
logistic regression analysis were used to analyze the most influ-
ential factors associated with cow’s milk allergy resolution. To
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determine the trend in the cow’s milk-specific IgE level by age,
the trend line with the highest value of adjusted R® was used in
regression analysis. A P value < 0.05 was considered statistically
significant.

Ethics statement

The study was approved by the institutional review board of Sam-
sung Medical Center, Seoul (IRB number 2011-03-024). Informed
consent was exempted by the board.

RESULTS

Development of tolerance to cow’s milk

The 115 patients enrolled in this study consisted of 38 girls (33.0%)
and 77 boys (67.0%). The mean duration of follow-up was 47.0 +
20.4 months (range 24-114 months). Eighty-three patients (72.2%)
were followed up as outpatients. Thirty-two patients had persis-
tent cow’s milk allergy until the last visit and were not followed
up for more than one year, and 22 of these patients underwent
a telephone survey to determine the development of tolerance
to cow’s milk. The remaining ten patients were lost. Of the 115
patients, 72 patients (62.6%) were diagnosed with cow’s milk al-
lergy based on a convincing history and positive cow’s milk-spe-
cific IgE, and 43 patients (37.4%) were diagnosed based on se-
rum cow’s milk-specific IgE levels of 5 kU/L or higher. The most
common symptoms of cow’s milk allergy were skin rash, urti-
caria, and angioedema, and these were followed by gastrointes-
tinal symptoms including vomiting and diarrhea, and respira-
tory symptoms such as coughing, wheezing, and breathing dif-
ficulty. Some patients experienced combinations rather than
single symptom, such as concomitant skin, gastrointestinal and
respiratory symptoms.

The clinical characteristics of the study subjects are summa-
rized in Table 1. Fifty-one patients (44.3%) were cow’s milk re-
stricted by mothers during lactation prior to the diagnosis of
cow’s milk allergy. Fifty-seven patients (49.6%) had at least one
family member who had AD, asthma or allergic rhinitis. The av-
erage age at AD diagnosis was 3.1 + 2.0 months and the average
age at introduction of solid food was 6.6 + 1.8 months. The se-
rum cow’s milk-specific IgE and total IgE levels at the first visit
were 24.5 + 33.0 kU/L and 1,057.8 + 2,167.0 kU/L, respectively.
The peak serum cow’s milk-specific IgE and total IgE during the
first 24 months after birth were 37.2 + 37.1 kU/L and 1,727.3 +
3,046.2 kU/L, respectively.

Cow’s milk allergy resolved in 47 patients (40.9%) during the
follow-up period, and cow’s milk tolerance was confirmed in
seven of these patients via an open food challenge test in the hos-
pital and in 40 patients by reintroduction of cow’s milk at home.
The cow’s milk-specific IgE level at the time of tolerance was 2.0
+2.2kU/L, respectively.

The Kaplan-Meier curve representing the spontaneous reso-
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Table 1. Characteristics of patients with cow’s milk allergy and atopic dermatitis

Patients with tolerance of Patients with persistence of

Parameters NA ip1a1t Igrzz/i) cow’s milk allergy cow’s milk allergy
n =47 (%) n = 68 (%)
Gender

Male 77 (67.0) 33(70.2) 44 (64.7)

Female 38(33.0) 14 (29.8) 24 (35.3)
Maternal restriction of cow’s milk during lactation

Yes 51 (44.3) 19 (40.4) 32 (47.1)

No 64 (55.7) 28 (59.6) 36 (52.9
Family history of allergic disease

Yes 57 (49.6) 16 (34.0) 41 (60.3)

No 58 (49.6) 31(66.0) 27 (39.7)
Duration of breastfeeding (months) 9.6 47 9.7 £53 95+ 42
Age at atopic dermatitis occurrence (months) 31+£20 33+24 3.0+ 17
Age at introduction of solid food (months) 6.6 £1.8 6.5+ 20 6.7 £1.7
Initial cow’s milk-specific IgE (kU/L) 245+ 33.0 169+ 294 29.6 £ 345
Initial total IgE (kU/L) 1,057.8 + 2,167.0 515.7 + 695.6 14414 + 27148
Peak cow’s milk-specific IgE during the first 24 months after birth (kU/L) 37.2 £ 371 199 £29.2 49.0 £ 37.5
Peak total IgE during the first 24 months after birth (kU/L) 1,727.3 £+ 3,046.2 934.7 £ 1,498.8 2,269.6 £ 3,713.9
Table 2. Predictors of cow’s milk tolerance according to univariate analysis
Parameters HR 95% Cl Pvalue
Gender (Male vs Female) 1.01 (0.54-1.88) 0.988
Maternal restriction of cow’s milk during lactation (Yes vs No) 1.13 (0.62-2.07) 0.687
Family history of allergic disease (Yes vs No) 0.54 (0.29-0.98) 0.044
Duration of breastfeeding (months) 1.00 (0.94-1.04) 0.941
Age at atopic dermatitis occurrence (months) 1.11 (0.96-1.29) 0.150
Age at introduction of solid food (months) 0.95 (0.79-1.14) 0.585
Initial cow’s milk-specific IgE (kKU/L) 0.99 (0.98-0.99) 0.020
Initial total IgE (kU/L) 1.00 (0.99-1.00) 0.065
Peak cow’s milk-specific IgE during the first 24 months after birth (kU/L) 0.98 (0.97-0.99) < 0.001
Peak total IgE during the first 24 months after birth (kU/L) 1.00 (1.00-1.00) 0.049

HR, hazard ratio; Cl, confidence interval.

cow’s milk allergy resolution was determined to be 67 months
based on the curve. Cow’s milk allergy spontaneously resolved
in 9.6%, 25.7%, 37.6%, and 43.3% of the patients at 24, 36, 48,
and 60 months after birth, respectively.

100

80

Prognostic factors for the development of tolerance to
cow’s milk
Factors affecting the development of tolerance to cow’s milk are
displayed in Table 2. Family history of allergy, cow’s milk-spe-
cific IgE at the first visit, and the peak serum total IgE and cow’s
milk-specific IgE during the first 24 months after birth signifi-
cantly influenced the spontaneous resolution of cow’s milk al-
lergy in univariate analysis. Gender, age at diagnosis of AD, dura-
| | | | | tion of breastfeeding, restriction of milk by mothers during lac-
0 20 40 60 80 tation prior to the diagnosis of cow’s milk allergy, age at introduc-
Age (months) tion of solid food, and the serum total IgE at the first visit were

60

40

Persistent cow’s milk allergy (%)

20

Fig. 1. Development of tolerance to cow’s milk. Kaplan-Meier survival curve shows  itrelevant.
cow’s milk allergy resolution over time in children with atopic dermatitis. The results of multivariable analysis of the factors affecting the

development of tolerance to cow’s milk are shown in Table 3.
lution of cow’s milk allergy in patients with AD within the first =~ The results showed that family history of allergic disease was
24 months after birth is presented in Fig. 1. The median age of  significant and that the probability of persistent allergy to cow’s
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Table 3. Predictors of cow’s milk tolerance based on multivariate analysis

Parameters HR 95% Cl Pvalue
Gender (Male vs Female) 0.91 (0.47-1.76) 0.775
Family history of allergic disease (Yes vs No) 0.41 (0.22-0.78) 0.007
Initial cow’s milk-specific IgE (KU/L) 1.03 (0.99-1.06) 0.123
Peak cow’s milk-specific IgE during the first 24 months after birth (kU/L) 0.96 (0.93-1.00) 0.016
Peak total IgE during the first 24 month after birth (kU/L) 1.00 (1.00-1.00) 0.310
HR, hazard ratio; Cl, confidence interval.
Table 4. Relative importance of cow’s milk tolerance factors
Parameters OR 95% Cl Pvalue Stangardued
estimates
Gender (Male vs Female) 1.26 (0.44-3.64) 0.670 0.060
Maternal restriction of cow’s milk during lactation (Yes vs No) 0.42 (0.14-1.23) 0.113 -0.239
Age at atopic dermatitis occurrence (months) 1.04 (0.81-1.33) 0.774 0.040
Family history of allergic disease (Yes vs No) 0.19 (0.07-0.52) 0.001 -0.462
Age at introduction of solid food (months) 0.83 (0.59-1.15) 0.257 -0.161
Initial cow’s milk specific IgE (kU/L) 1.05 (0.99-1.11) 0.079 0.864
Initial total IgE (kU/L) 1.00 (0.99-1.00) 0.187 -0.610
Peak cow’s milk-specific IgE during the first 24 months after birth (kU/L) 0.94 (0.89-0.99) 0.018 -1.311
Peak total IgE during the first 24 months after birth (kU/L) 1.00 (1.00-1.00) 0.383 0.342

OR, odds ratio; CI, confidence interval.
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Fig. 2. Development of tolerance to cow’s milk according to peak cow’s milk-specific
IgE level during the first 24 months after birth. (—) Solid line shows tolerance to cow’s
milk by patients with peak cow’s milk-specific IgE levels during the first 24 months
after birth of less than 15 kU/L. (- - -) Dotted line shows tolerance to cow’s milk by pa-
tients with peak cow’s milk-specific IgE levels during the first 24 months after birth of
15 KU/L or more.

milk was higher in patients without a family history of allergic
disease than in patients with a family history of allergic disease
(HR, 0.41; 95% CI, 0.22-0.78). Furthermore, the probability of
developing tolerance to cow’s milk decreased as the peak cow’s
milk-specific IgE during the first 24 months after birth increased
(HR, 0.96; 95% CI, 0.93-1.00). As the peak cow’s milk-specific IgE
increased by 1 kU/L during the first 24 months after birth, the
hazard ratio became 0.96, leading to a reduced probability for
cow’s milk allergy resolution. Logistic regression analysis was
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conducted to identify individual factors that were important to
the resolution of cow’s milk allergy. As shown in Table 4, the ab-
solute value of standardized estimates of the peak cow’s milk-
specific IgE during the first 24 months after birth was the high-
est; therefore, the peak cow’s milk-specific IgE during the first 24
months after birth was shown to be the most important factor for
prediction of the development of cow’s milk allergy tolerance.

We attempted to investigate the relevance of developing tol-
erance to cow’s milk to cow’s milk-specific IgE. To accomplish
this, the patients were divided into two groups, each with cow’s
milk-specific IgE levels greater or less than 15 kU/L during the
first 24 months after birth. The groups were then analyzed us-
ing a tolerance survival curve (Fig. 2). When the peak cow’s milk-
specific IgE values were less than 15 kU/L, cow’s milk allergy
spontaneously resolved in 21.2%, 46.4%, 61.3%, and 73.9% of the
patients at 24, 36, 48, and 60 months after birth, respectively. For
peak cow’s milk-specific IgE levels of 15 kU/L or higher, no spon-
taneous resolution of cow’s milk allergy was observed in any
patient at 24 months after birth. Cow’s milk allergy disappeared
in 11.5% and 19.1% of the patients at 36 and 48 months, respec-
tively. The spontaneous resolution of cow’s milk allergy at 60
months was similar to that at 48 months. Therefore, tolerance
to cow’s milk developed more rapidly when the highest cow’s
milk-specific IgE values during the first 24 months after birth
were low.

The trend in changes in cow’s milk-specific IgE with age was
investigated in patients who developed tolerance to cow’s milk
with persistent cow’s milk allergy (Fig. 3). The serum level of cow’s
milk-specific IgE was shown to decrease as the age at which pa-
tients developed tolerance to cow’s milk allergy increased. In
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Fig. 3. Trend in cow’s milk-specific IgE levels over time based on final cow’s milk allergy status. Each dot represents all cow’s milk-specific IgE levels recorded by age. (A) All val-
ues in the group with tolerance of cow’s milk allergy. (B) All values in the group with persistence of cow’s milk allergy.

contrast, the level of cow’s milk-specific IgE was shown to in-
crease and remain high as the age of the patients who had per-
sistent cow’s milk allergy increased.

DISCUSSION

In this study, we analyzed the natural course of cow’s milk allergy
with AD in Korean children via a survival curve. We found that
cow’s milk-specific IgE levels at 2 yr of age could be used to pre-
dict the development of tolerance to cow’s milk. Specifically, the
results of our study showed that half of the patients with cow’s
milk allergy tolerated cow’s milk at 67 months of age. The devel-
opment of tolerance to cow’s milk appears to be slow when com-
pared with previous studies (12, 13). In one study, the sponta-
neous resolution rate was 50%, 70%, and 85% in the one-, two-
and three-year age groups, respectively (12). In that study, about
50% to 70% of the patients had cutaneous symptoms, while 50%
to 60% had gastrointestinal symptoms, and 20% to 30% had re-
spiratory symptoms. Another study showed that the spontane-
ous resolution rate was 56% in the four-year age group and 78%
in the six-year age group (13), in which only 21% of the study
population had atopic eczema. In contrast, cow’s milk allergy in
children with AD was reported to be spontaneously resolved in
50% of patients at 7 yr and 11 months after birth (14). In a recent
study in the United States, IgE-mediated cow’s milk allergy was
found to be spontaneously resolved in 19%, 42%, 64%, and 79%
of patients by 4, 8, 12, and 16 yr, respectively (19). Of these pa-
tients, 71% had eczema, 49% had asthma, and 40% had allergic
rhinitis. These differences in resolution rate may have been due,
at least in part, to different characteristics of the study popula-
tion and different inclusion criteria in each study. All patients in
the present study had AD, which was not the case in the afore-
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mentioned studies. In addition, race, geographic region and ge-
netic background are also likely to have influenced the results.

We found that cow’s milk-specific IgE during the first 24 months
after birth is highly predictive of cow’s milk allergy outcome. The
diagnostic levels of cow’s milk-specific IgE differed by 2 yr of age.
Specifically, after 2 yr of age, 15 kU/L had a positive predictive
value of 95% (17, 18). Therefore, we divided our patients into two
groups based on 15 kU/L. For patients with a peak cow’s milk-
specific IgE less than 15 kU/L, cow’s milk allergy spontaneously
resolved in 73.9% of the patients at 60 months of age, while the
spontaneous resolution rate was only 19.1% at 60 months for the
children with the peak cow’s milk-specific IgE levels of 15 kU/L
or higher. Similar findings were reported in previous studies re-
garding the usefulness of cow’s milk-specific IgE level as a prog-
nostic factor (19, 20). Based on the results of the present study,
the cow’s milk-specific IgE levels in patients with cow’s milk al-
lergy need to be followed until 2 yr of age. Physicians should also
counsel families about the prognosis of cow’s milk allergy and
work on better patient compliance.

In this study, the change in cow’s milk-specific IgE was ana-
lyzed depending on development of tolerance to cow’s milk. As
aresult, cow’s milk-specific IgE was shown to gradually decrease
as the age of patients that tolerated cow’s milk increased. In con-
trast, cow’s milk-specific IgE was shown to increase and main-
tain levels as the age of patients with persistent cow’s milk aller-
gy increased. These findings were consistent with those of a study
conducted by Skripak et al. (19), in which a different trend in
IgE level over time was shown between the group with tolerance
and the group with persistent cow’s milk allergy. These findings
are also likely to be helpful for clinicians to analyze test results
and explain the prognosis of cow’s milk allergy.

It should be noted that this study has some limitations. First,
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double-blind, placebo-controlled food challenge test (DBPCFC),
the gold standard for the diagnosis of food allergy, was not per-
formed to confirm cow’s milk allergy. Instead, we used a con-
vincing history plus positive cow’s milk-specific IgE for diagno-
sis. However, 37.4% of the participants in this study were diag-
nosed with cow’s milk allergy because the serum level of cow’s
milk-specific IgE was over the 95% positive predictive value. Sec-
ond, this was not a prospective study. Rather, we retrospectively
reviewed medical records and had to rely on parental reports
obtained via telephone interviews to determine the outcome of
cow’s milk allergy. Third, the follow-up duration was not very
long, although the mean duration was 47 months. Some patients
in our study may have outgrown cow’s milk allergy if they were
followed for a longer period. Fourth, the presence of other food
allergies and severity of atopic dermatitis were not considered.

In conclusion, half of the patients with cow’s milk allergy with
AD tolerated cow’s milk at 67 months of age. The results of this
study suggest that the peak cow’s milk-specific IgE level during
the first 24 months of life is the most important factor for pre-
diction of the prognosis of cow’s milk allergy. The tolerance to
cow’s milk develops as the serum level of cow’s milk-specific IgE
decreases with age. Regular follow-up with testing for cow’s milk-
specific IgE would be helpful for predicting the appropriate tim-
ing of re-introduction of cow’s milk to the diet.
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Cow's milk is one of the most common foods to cause allergy in children with atopic dermatitis (AD). We investigated the natural
course of cow's milk allergy in children with atopic dermatitis, and to identify factors predictive of outcome. Multivariate analysis
by Cox proportional hazard model revealed that family history of allergic diseases and peak cow's milk-specific IgE level during

24 months after birth were prognostic factors.
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