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Abstract

Background: Impairment of growth has been reported in food-allergic children. It is
not known whether this is related to the extent of food allergies. We sought to compare
growth, nutritional status, and nutrient intake in children with food allergy either
avoiding cow’s milk or avoiding cow’s milk and wheat, which are staples of the diet in
young children.

Methods: Infants and young children with challenge-proven allergy were recruited to
this prospective study. They were strictly avoiding their allergic food triggers, either
cow’s milk, or cow’s milk and wheat. They were counseled by a dietitian specialized in
food allergies on food avoidance diets and nutritionally adequate supplementation at
regular intervals. A 3-day food diary was kept. Children’s height, weight, and
laboratory data for nutritional parameters were monitored at 8-month intervals.
Results: A total of 18 patients avoiding milk and 28 patients avoiding milk and wheat
were evaluated at an average of 12, 21, and 28 months of age. During the follow-up,
the markers of nutritional status, nutrient intake or height for age, and weight for
height were comparable between the two groups, although the means for anthropo-
metric measures were below the average for age in both groups.

Conclusions: The extent of food elimination diet has no impact on growth or
nutritional status of food-allergic children, when diet is adequately supplemented.
Close physician and dietitian follow-up are essential for food-allergic children when
avoiding one or more foods, which are staples of the diet.

Food allergy is a common chronic disease in childhood,
affecting up to 8% of children in the United States (1-3).
Among food-allergic children in the USA, 30% have multiple
food allergies, the most common being milk, peanut, and
shellfish (4). In a Finnish study, food allergies were reported in
1.3% to cow’s milk, 1.5% to hen’s egg, 0.7% to wheat, 0.7% to
fish, and 1.8% to nuts (5). Worldwide, allergic diseases have
risen in prevalence over the past 50 yrs (6). Because strict
allergen avoidance is the mainstay of management (7), food-
allergic patients may require supplementation as depending on
the food, supplementation or replacement foods are not always
necessary.

Many studies have shown that food-allergic children tend to
be smaller than their non-food-allergic peers (8-14). Extensive
elimination diets limiting the options for food sources,

decreased absorption of nutrients due to increased intestinal
permeability (15, 16), increased nutrient needs, or other
intrinsic factors related to food allergy are possible causes.
Therefore, the proper dietetic treatment of food allergy to
eliminate food allergens is essential to preserve the intestinal
integrity. We have recently shown that food-allergic patients
with increased intestinal permeability following a strict avoid-
ance diet were shorter than those with normal intestinal
permeability (17). Children with food allergies can also have
inadequate nutrient intakes and decreased growth, which was
shown to be more likely in children with cow’s milk allergy (18,
19). It was shown that children, aged 31-37 months who were
avoiding cow’s milk had decreased intakes of energy, fat,
protein, calcium, riboflavin, and niacin (18). Children with
cow’s milk allergy and atopic dermatitis also have been shown
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to have lower serum albumin levels than healthy controls,
despite having similar protein intakes in their diets (8). In
addition, frequent comorbidities seen in food allergy such as
eczema and asthma are further associated with increased
energy needs and are associated with increased intestinal
permeability (20). Even limited cases of kwashiorkor have been
reported with cow’s milk elimination diets (21) as well as some
cases of protein-energy malnutrition (22).

Despite the reports indicating poorer growth in children
with food allergy, there are few studies focusing on more or less
extensive food elimination diets, to determine whether this
impacts their nutritional status and growth. In this study, we
assessed children with food allergy on two different elimination
diets to see whether the extent of the elimination impacts their
nutritional status and growth. We found that cow’s milk-
allergic children and those with cow’s milk and wheat allergy
had comparable growth, nutritional status, and nutrient
intake, while under close supervision of a dietitian. This
underlines the importance of close follow-up of these patients
with both, a medical provider and dietitian to monitor their
nutrient intake while on restrictive elimination diets (23, 24).

Subjects and methods
Subjects

All together, 46 children <3.5 yrs of age at recruitment were
enrolled in this prospective study during their office visits at the
Skin and Allergy Hospital of Helsinki University Central
Hospital. They had food allergy to staples of the diet of an
infant and toddler, including cow’s milk or cereals (rye, wheat,
oats, and barley) diagnosed by positive skin prick, positive
atopy patch test (25), food challenge and/or they had a strong
suspicion due to resolution of their symptoms during their
elimination diet. When food allergy was diagnosed, the
children were put on an elimination diet for their specific food
allergies. Group M children were on a cow’s milk elimination
diet, while Group MW eliminated both cow’s milk and wheat.
In addition, many children had not been yet introduced to egg,
fish, and nuts due to their young age and concerns regarding
other food allergies as per the national guidelines at the time.
Some of the children in the MW group had very limited diets
and tolerated <10 foods. Data were collected regarding
demographics and presence of eczema. Children with chronic
diseases other than allergic diseases and those on long-term
oral corticosteroid therapy were excluded.

Informed consent was obtained from the parent. The initial
cohort study was approved by the ethics committees of the
Skin and Allergy Hospital of the Helsinki University Central
Hospital. Internal Review Board of the Albany Medical
College, Albany, NY approved the use of clinical and
laboratory data.

Anthropometry

Height was assessed during office visits, and weight was
measured to the nearest 0.1 kg in light indoor clothing. Height
values were plotted for age, and weight was plotted against
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height (i.e., ‘relative weight’, shown as % deviation of weight
from the mean weight for height) utilizing age appropriate
growth charts approved by the Finnish Board of Health and
widely used in Finland (26).

Blood samples and analyses

EDTA samples were used for assessment of blood cell count.
Serum immediately frozen at —70°C for subsequent determi-
nation of osteocalcin by CAP system FEIA (Pharmacia AB,
Uppsala, Sweden), and collagen type I C-terminal cross-linked
telopeptide (ICTP), collagen type I C-terminal propeptide
(PICP), and collagen type III N-terminal propeptide (PIIINP)
by RIA (Orion Diagnostica, Espoo, Finland). Routine labo-
ratory assessments were used for determination of serum levels
of iron, transferrin and its saturation, ferritin, albumin, pre-
albumin, urea, creatinine, calcium, magnesium, zinc, phos-
phate, insulin-like growth factor-1, alkaline phosphatase,
quantitative IgA, IgM, IgG, and IgG subclasses.

Dietary intake

The adequacy of the diet was monitored and confirmed by a
dietitian. If cow’s milk was eliminated from the diet, a tolerated
formula such as soy (NutriSoy, Prosobee), protein hydrolysate
(Profylac, Nutramigen), or amino acid-based formula (Neo-
cate, NutriJr) was substituted in infants <2 yrs of age. Calcium,
vitamin D, multivitamin, and trace element supplementation
was added to each participant’s regimen when dietary intake
fell short of meeting the Nordic Nutrition Recommendations.
Four children received breastmilk. Mothers of breastfed
children on a cow’s milk elimination diet were supplemented
with calcium. During cereal elimination, gluten-containing
cereals were excluded from the diet and replaced with gluten-
free rice, corn, millet, and buckwheat. Parents of food-allergic
children were instructed by the dietitian to increase the amount
of meat in their child’s diet, as well as adding plant-based oils
and milk-free margarines to the diet to increase calorie and fat
intake. A three-consecutive day food record was kept by the
parents. The portion sizes were estimated in household
measures. The data were analyzed using the MICRO-NUTRI-
CA computer program developed at the Research Centre of
Social Insurance Institution, Turku, Finland.

Statistical analysis

Repeated measures analysis of variance was applied to assess
the similarity of the two groups with respect to continuous
variables measured over time. The analysis of variance
included a main between effect of diet group, a repeated
measures effect of visit (age), and their interaction effect. A
significant interaction effect would indicate that the diet group
has an effect on the time course of the measure from visit one
to visit three. Multiple comparisons were by Tukey’s honest
significant difference test. The Mann-Whitney test was
employed to determine the statistical significance of differences
between groups at the same time intervals for parameters that
were not normally distributed. Fisher’s exact test was used to
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assess significance for categorical variables between groups.
The results are expressed as means with +s.d. or interquartile
range (IQR). The analyses were carried out using Statistica
(v 6; StatSoft Inc, Tulsa, OK) and MiniTab (v 14; MiniTab
Statistical Software State College, PA, USA).

Results
Demographics

A total of 18 food-allergic children ages 5-42 months avoided
milk (Group M), while 28 children ages 641 months avoided
milk and wheat (Group MW, Table 1). Because the study
occurred in a tertiary referral center, the proportion of milk
and wheat allergic patients was higher than milk-allergic ones.
During the follow-up period, no significant changes were
implemented in the subjects’ diets unless proven tolerance
development: One subject in Group M and 2 subjects in group
MW did experience development of spontaneous cow’s milk
tolerance. Children of comparable age and gender were
evaluated during three visits, about 8 months apart. The
majority of subjects had atopic dermatitis and/or hives, with or
without gastrointestinal symptoms. One-quarter presented
with only gastrointestinal symptoms, such as vomiting or
diarrhea. There was a trend for an increased rate of eczema in

Table 1 Demographic information comparing food-allergic children
who are avoiding milk and wheat (Group MW) and those who are
avoiding milk (Group M)

Group MW Group M
Characteristic N =28 N =18 p-Value*
Age (mo) visit 1 16.3 £ 8.7 16.8 £ 7.6 0.95
(mean + s.d.)
Age (mo) visit 2 24.9 + 8.8 26.0 £ 7.7 0.94
(mean + s.d.)
Age (mo) visit 3 323 +£83 337 +76 0.98
(mean + s.d.)
Male 17 (61%) 8 (44%) 0.37
SCORAD 16.8 + 15.5 156.3 +£ 121 0.74
Eczema 19 (68%) 7 (39%) 0.07

*ANOvA with Tukey's test for continuous variables and Fisher's exact
test for categorical.

Figure 1 Height for age (a) and
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the children with wheat allergy, when compared to the children
that were not avoiding wheat (p = 0.053). However, the
severity of eczema as assessed by the SCORAD index was
comparable between the groups.

Anthropometric measurements

Upon enrollment in this study, height for age and relative
weight for height were comparable on each follow-up visit in
the children on milk elimination and in those on milk and
wheat elimination (Fig. 1). However, in both groups these
parameters were below the average compared to healthy
Finnish children. There were two subjects in M group and
five subjects in MW group who were <1 s.d. for height for age;
only one subject in the MW group had his height <2 s.d. for
age. This subject had a history of faltering growth prior to
enrollment. There were two subjects in the M group and six
subjects in the MW group who were <—10% for relative weight
and none were <—20%.

Nutritional status

We compared the markers of nutritional status during three
visits of children in Group M and Group MW. There were a
few significant effects of diet although differences were small.
The levels of iron (p = 0.045, main effect of diet), serum IgG
(p = 0.02, main effect of diet), and phosphorus were lower in
the MW group (p = 0.046) (Table 2). After Bonferroni cor-
rection for multiple comparisons, these differences were not
statistically significant. Several variables changed with time
(age) between the Ist and 3rd visit (hemoglobin, hematocrit,
MCV, Phosphorus, PICP, PIINP, IgA, IgG, 1gM). However,
in none of the measured variables was there any evidence that
the diet groups were different in their time course. There were
no significant statistical differences between the two diet
groups in regards to markers of iron metabolism, trace
minerals, protein metabolism, immunoglobulins, bone metab-
olism, or insulin-like growth factor.

Nutrient intake

Of the 18 children in Group M, eight were maintained on a
hydrolyzed formula, three on a soy-based formula or soy milk,
and one breastfed and supplementing with hydrolyzed formula,

1 Milk [ Milk+Wheat

weight for height (b) in food- a
allergic children with either milk or %
milk and wheat elimination diets

during a follow-up of three visits. —14
Shown is mean (box) with s.d.
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Table 2 Comparison of laboratory data p-values between food-allergic children either avoiding milk (M) or avoiding milk and wheat (MW)

Visit 1 Visit 3

MW M p-Value* MW M p-Value*
Hb 1174 +79 1183 + 5.4 0.69 127.2 +10.3 1249 + 8.2 0.48
HKR 35.7 £ 2.19 3568+ 1.6 0.76 38.3 + 2.69 37.69 + 2.5 0.44
MCH 36.4 + 52.7 26.4 + 1.29 0.42 272 £1.75 26.6 + 1.25 0.32
MCHC 328.1 + 7.19 3284 £ 5.8 0.87 330.6 + 9.8 330.4 + 5.8 0.94
MCV 80.3 + 4.95 80.3 £+ 3.7 0.96 82.1 £ 3.7 81.0 + 3.6 0.34
Fe 122 + 4.5 140 £ 5.4 0.23 128 £ 5.9 16.0 £ 9.3 0.19
Transf 27 +04 28+ 04 0.65 27 +£04 26 +£03 0.67
Ferrit 26.1 + 28.0 241 + 89 0.78 259 +11.8 23.3 +10.4 0.50
Trfesat 17.7 £ 7.14 193+ 77 0.49 18.6 £ 9.5 23.7 £ 165 0.20
Ca 2.56 + 0.1 2.50 £+ 0.08 0.41 2.51 £ 0.10 2.40 £ 0.04 0.62
Zn 11.6+1.7 122 + 2.4 0.36 124 +1.8 12.6 £ 2.5 0.78
Mg 0.88 + 0.04 0.88 + 0.07 0.78 0.87 + 0.06 0.84 + 0.05 0.14
Pi 1.75 £ 0.20 1.83 £ 0.14 0.19 1.61 £ 0.12 1.70 £ 0.09 0.028**
Osteo-2 31.8+ 184 33.0 £ 9.7 0.84 323+ 11.8 29.8 £ 6.9 0.48
PICP 667.6 + 283.2 769.5 + 316.2 0.37 505.3 + 145.3 525.7 + 158.5 0.68
PIHINP 12.5 + 3.75 14.1 £ 5.18 0.36 10.02 + 2.53 10.2 + 3.24 0.82
ICTP 16.94 £ 7.29 16.07 £ 3.20 0.71 13.64 £ 2.76 149 +£ 2.10 0.13
AFOS 727.4 £+ 463.9 557.1 £ 145.2 0.26 527.3 £ 101.9 541.5 + 126.4 0.72
Alb 42.8 + 3.1 43.7 £ 21 0.28 428 +29 43.6 £ 25 0.38
Pre-alb 192.5 + 27.06 203.0 + 37.4 0.30 208.1 + 26.9 191.0 + 30.2 0.07
IgA 0.364 + 0.25 0.38 + 0.26 0.89 0.563 + 0.31 0.73 £ 0.53 0.25
lgG 6.0 £22 6.8+ 1.8 0.18 72+15 84 +£22 0.045%*
lgG1 5.03 + 1.98 55+ 1.8 0.36 5.3+ 0.93 59+ 15 0.16
lgG2 0.80 + 0.49 0.94 + 0.43 0.34 1.26 + 0.51 1.30 +£ 0.79 0.55
1gG3 0.26 + 0.10 1.10 + 3.40 0.25 0.24 £+ 0.08 0.29 £ 0.15 0.23
lgG4 0.34 + 0.54 0.18 + 0.23 0.23 0.44 + 0.34 050 + 0.45 0.67
IgM 0.73 £ 0.24 0.87 + 0.36 0.15 0.84 + 0.27 0.97 £ 0.39 0.28
Sommed-C 9.4 + 3.59 84 +55 0.54 10.8 + 3.6 11.0 £ 5.8 0.91
B-EOS-L 210.6 + 316.09 106.3 + 104 0.35 300 + 245 367 + 250 0.45
B-Trom 359 + 89 402.3 £ 138 0.21 363 + 105 347 + 69 0.87

Shown is mean (s.d.) for visits 1 and 3; visit 2 is not shown.
*ttest; **p-value <0.05.

Table 3 Comparison of daily nutrient intake between food-allergic children avoiding milk and wheat (Group MW) or milk (Group M)

Characteristic Group MW Group M p-Value*
Calories (kcal) 1065 (968-1192) 876 (786-1166) 0.09
Protein (g) 30.7 (22.8-37.5) 27.3 (22.9-31.3) 0.77
Fat (g) 42.1 (31.1-51.6) 34.3 (23.5-46.9) 0.28
Iron (mg) 6.3 (5.2-10.0) 8.0 (6.9-9.0) 0.53
Total Calcium (mg) 616.4 (420.1-684.4) 601.7 (469.6-620.9) 0.67
Dietary 367.3 (206.1-454.9) 369.6 (294.8-518.9) 0.70
Supplement 200.0 (93.0-250.0) 200.0 (50.0-250.0) 0.74
Total Vit D (ng) 12.1 (10.3-13.9) 11.8 (10.5-14.6) 0.83
Dietary 5.9 (2.9-8.4) 5.8 (3.7-8.6) 0.84
Supplement 6.8 (3.4-10.0) 6.0 (5.5-10.0) 0.95

Results are expressed as median (IQR).

*Mann-Whitney test. RDA for calcium is 500 mg a day and for vitamin D 10 pg per day.

two on amino acid-based formulas, three on no nutritional
formulations, and one tolerated cow’s milk by the end of
follow-up. Of the 28 in Group MW, nine were on a hydrolyzed
formula, three on a soy-based formula or soy milk, three

breastfed, four on an amino acid-based formula, seven on no
nutritional formulas, and two ultimately tolerated cow’s milk.
Of those consuming formula, the average intake was 4.6 dl
(IQR: 3.75-6.25) per day for Group M and 5.3 dl (IQR: 4.5-7)
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for Group MW. There was a trend for children in Group MW
to consume more total calories, protein, and fat than those in
Group M, p=0.09 (Table 3). Similarly, intake of iron,
calcium, and vitamin D were comparable. The average intake
of different nutrients of the children in this study was well
within the Nordic Nutrition Recommendations (26). When
compared with the average intakes of healthy Finnish children
(27), our subjects received lower amounts of protein and
carbohydrate but higher amounts of fat.

Discussion

In the present study, we found that growth, nutritional status,
and nutrient intakes were comparable between food-allergic
children who avoided only cow’s milk and those who avoided
both cow’s milk and wheat in their diet. Our data suggest that
there is no negative impact on the nutritional status of young
children with these food allergies after elimination of these
dietary staples. This study also highlights the importance of
frequent monitoring of these food-allergic children, including
dietitian support with meticulous attention to dietary assess-
ment and supplementation. Having a dietitian as part of the
treatment team ensures that macro- and micronutrient needs
are met and that reasonable dietary changes are implemented
(23).

Stunted growth has been shown to occur in approximately
2-15% of children with food allergies (12). The most recent
study gathered information from dietitians of 97 pediatric
food allergy patients from 13 different clinics throughout the
UK (9) and showed that the height and weight for age were
<—2 Z-score for 11% and 8.5% of the patients, respectively.
The study also showed that patients who eliminated three or
more foods were at highest risk for lower weight for age (9).
Another study from France (10) found that the elimination of
>3 foods from the diet was linked to poor weight gain,
compared with children who eliminated fewer foods. In a
Brazilian study, children with cow’s milk allergy with gastro-
intestinal manifestations had a height and weight for age <-2
s.d. in 23% and 15%, respectively (11). However, supplemen-
tation included inappropriate alternatives such as goat’s milk
and lactose-free milk. A Korean study concluded that as the
number of foods avoided increased, z-scores of weight and
height for age decreased (14). US children with two or more
food allergies were shorter, based on height-for-age percen-
tiles, than those with one food allergy (p < 0.05) (19). Our
findings are in disagreement with these reports in that we
show no additional impact on height or weight with
additional food allergens avoided. This may be explained by
the fact that our cohort was a follow-up study involving a
dietitian trained in food allergy as opposed to the observa-
tional studies. Our frequent follow-up by a physician/dietitian
team was likely to positively impact dietary intakes and
adherence to diet. Consequently, nutrient deficiencies were
identified and adjustments to the diet were carried out in a
timely manner. Another Finnish follow-up study found that
there was growth impairment in cow’s milk-allergic patients
when compared to healthy controls, but no further impact of
additional food allergies was reported (8).

Food allergy and growth

Unsupervised elimination diets can have a major impact on
nutrient intake. Cow’s milk avoidance is associated with
inadequate calcium intake; however, children receiving nutri-
tional counseling or an age appropriate alternative formula or
soy milk were less likely to have inadequate intakes of calcium
and vitamin D (19, 28). With wheat, rye, barley, and oat
elimination, a large source of complex carbohydrates, mi-
cronutrients, and dietary fiber is lost. In celiac disease, as
reported by Penagini et al. (29), children following a wheat free
diet often suffer nutrient imbalance of calcium, vitamin D,
iron, zinc, and B-vitamins, and the authors concluded that
close follow-up by a trained nutrition or medical professional is
imperative to the nutritional soundness of the gluten-free diet.
In our study, elimination of cow’s milk and wheat, which are
staples in the diet of a young child, did not negatively impact
levels of macro- or micronutrients indicating that adequate
alternatives were found to supplement the diet. This was the
case despite the fact that several of the subjects were avoiding
additional foods in their diet, including egg, fish, and nuts, and
some were on diets including only a few foods.

Although our data suggest that the type or nutritional
quality of foods eliminated does not lead to nutrient deficien-
cies as long as the diet is adequately supplemented, food-
allergic subjects were smaller than their peers when plotted on
growth charts and compared to the national average. This may
be due to increased caloric requirements or suboptimal
absorption in the food-allergic children. Consistent with this,
we have recently shown that a significant proportion of
children with milk and egg allergy had altered intestinal
permeability, which in turn was associated with shorter stature
suggesting that either these children had poor absorption due
to ongoing innocuous exposures (unlikely as children were
asymptomatic) or that intrinsic factors related to food allergy
are related to poor growth (17). It is important to identify and
treat growth impairment as children with stunted growth early
in life are at increased risk for central fat gain, lower fat
oxidation, lower energy expenditure, and lower insulin pro-
duction (13). Black et al. (30) also found that children with
adequate growth in younger life were taller, heavier and had
better arithmetic scores.

The strengths of this study include prospective follow-up,
thorough assessment of both nutritional intake and nutritional
status utilizing diet records, diet analysis, laboratory data, and
anthropometric measures spanning a period of 1.5 years.
Elimination of specific staples of pediatric diets as opposed
to random heterogeneous groups of eliminations was included.
Limitations include the lack of a control group comprising
healthy individuals without food allergies. However, growth
and nutritional status parameters were compared to normal
reference values available. We included a relatively small
number of patients seen in a tertiary referral center limiting the
generalizability of the results. Other atopic diseases were not
systematically recorded. The length of elimination diet and
growth patterns prior to study were not reported.

In conclusion, our study showed that the number and
nutritional quality of foods restricted in an elimination diet
does not necessarily affect the growth of children as long as
their diet is adequately supplemented and there is frequent

Pediatric Allergy and Immunology 26 (2015) 133-138 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 137



Food allergy and growth

follow-up. This underscores the need for close monitoring by a
team consisting of a physician and a dietitian for proper
management of food-allergic children on elimination diets to
ensure they are meeting their nutritional needs.
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