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Abstract

Background: No previous studies have reported the effect of the presence of children with food allergies (FAs) on the
diet and body mass index (BMI) of mothers. Therefore, we conducted a dietary survey and considered nutrients that
influenced BMI of mothers.

Objective: Subjects included 554 mothers—305 mothers of children with FAs (FA mothers; aged 38.4 + 5.1 years, FA
group) and 249 mothers of children without FAs (non-FA mothers; aged 37.7 + 5.5 years, NFA group).

Methods: We extracted dietary patterns from dietary survey results and investigated the correlation between nutrient
intake and BMI. We divided the FA group into two groups (one containing 181 mothers whose children were allergic
to < 1 of the three major allergenic foods—eggs, milk and wheat—and another containing 124 mothers whose children
were allergic to > 2 of these foods) and conducted a comparative analysis.

Results: BMI was significantly lower in the FA group than in the NFA group (20.7 vs. 21.4 kg/m?). There was a signif-
icant negative correlation between BMI and vegetable protein intake (B = —0.196, SE = 0.05). Vegetable protein intake
was higher in the group that was allergic to > 2 of the allergenic foods.

Conclusion: BMI of FA mothers is affected by a diet that strictly follows their FA child’s allergen-free state—a diet
dominated by vegetable protein. These observations suggested that the degree to which an FA mother is affected de-

pends on the number of the three major allergenic foods to which her FA child is allergic.
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Introduction

The families of food allergy (FA) children—particularly removed.*” To maintain an allergen-free diet and avoid the

mothers—are likely to experience heightened anxiety levels.
Strong recommendations have been made regarding issues
such as the preparation of allergen-free meals, avoidance of
the accidental ingestion of allergens, and method of providing
first aid in the event of anaphylaxis,' but it is not sufficiently
offered to FA mothers and families.

The recommended treatment for FAs entails the removal
of as few items as possible from the diet based on the proper
diagnosis for causative allergens and their replacement with
alternatives as necessitated by the type and quantity of items

accidental ingestion of allergens, dietary habits of families of
FA children tend to reflect the same allergen-free diet as re-
quired for their children. However, even when the number of
allergenic items removed is kept to a minimum, they feel the
burden.®*'* Furthermore, the mental and emotional stress of
living with FAs can take its toll and have a detrimental effect
on the quality of life (QOL) of mothers."'® Anaphylaxis is re-
lated to the anxiety level of the mother.'® A previous study has
reported a possible effect of FA on body mass Index (BMI)
of mothers under psychological stress because although FA
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mothers do not have a lower energy intake than NFA moth-
ers, they are leaner—the more allergies their child has in
terms of the three major allergenic foods, the lower is their
BM], and the more strictly they follow the allergen-free diet,
the lower is their QOL.™

In general, low BMI can be caused by factors such as ill-
ness, overwork, psychological stress, an unbalanced diet, or
an increase in daily activity. No studies have reported how
the presence of a child with FAs affects the diet, lifestyle, and
BMI of the mother. Therefore, to ascertain the dietary influ-
ence, rather than studying dietary intake alone, it is necessary
to also evaluate the dietary content. In this study, we expand-
ed the scope of our investigation to include dietary content
and studied the diets of mothers with young children, an-
alyzed their dietary patterns, and investigated the nutrients
that influenced BMI of FA mothers.

Methods

Subjects included 305 mothers of FA children (FA group;
aged 38.4 £ 5.1 years) who were treated at the Department
of Pediatrics of the Osaka Prefectural Medical Center for
Respiratory and Allergic Diseases (currently known as the
Osaka Habikino Medical Center) between July 2013 and
August 2016 and 249 mothers whose children had no FAs
(NFA group; aged 37.7 + 5.5 years), making a total of 554
mothers.

The exclusion criteria were mothers with some type of
physical or psychological disorder, those taking prescription
medications, or those with children suffering from some type
of chronic condition other than allergies.

We explained the objectives of the study to mothers who
were waiting for a consultation and inquired regarding their
willingness to participate in the study. A questionnaire was
then provided to the mothers who consented to participate.
If a certain mother returned multiple questionnaires during
the survey period, then only the first one was considered for
the study to avoid overlapping. Furthermore, with the NFA
group, the staff conducting the survey confirmed that the
mother did not have an FA child and that the child had no
dietary restrictions due to other diseases.

The study was a cross-sectional survey conducted using
a self-administered questionnaire, including a profile and
dietary survey.

Profile survey

Factors such as the age of the child; family composition;
and the age, height, and weight of the mother were surveyed,
and BMI was calculated by dividing weight (kg) by height
squared (m?). An additional questionnaire was provided to
the FA group to evaluate the number and types of causative
food, whether a substitute food was being used, and whether
any anaphylaxis had been experienced.

Dietary survey

The survey was conducted using a brief-type, self-admin-
istered diet history questionnaire (BDHQ). Energy content
and nutrient intake by the food group were calculated using
the nutrient density method (all parameters other than ener-
gy was calculated per 1,000 kcal), and the results were com-
pared between the FA and NFA groups. The BDHQ is used
to estimate energy content, nutrient intake, and food intake
by the food groups based on the frequency of eating certain
foods in a week over the most recent 1-2 months."”

Dietary patterns and maternal attributes

Dietary patterns were extracted on the basis of the intake
volume per food group for the 15 food items included in the
BDHQ. The principal component extraction standard was an
Eigen value of > 1. Factor loading for the food groups repre-
senting the principal components was set at > 0.30.

The FA group was divided into two groups as one contain-
ing 181 mothers whose children were allergic to one or none
of the three major allergenic foods (eggs, milk, or wheat)
or to other foods (< 1 group) and the other containing 124
mothers whose children were allergic to two or more of the
three major allergenic foods (= 2 group). We then compared
the two groups in terms of maternal attributes and food and
nutrient intake.

Statistical processing

SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) was
used for statistical processing, and data are presented as mean
+ standard deviation (mean * SD).

The Welch t-test was used to compare differences in the
average values between the two independent groups. Princi-
pal component analysis was used to extract dietary pattern.
Spearman rank correlation analysis was used to examine the
relationship between principal components and maternal
attributes. Logistic regression analysis was used to investi-
gate the correlation between the presence of FAs and mater-
nal attributes or the relationship between FA and foods and
nutrients comprising the first principal component. Multi-
ple regression analysis was used to inspect the correlation
between BMI and maternal attributes or the foods and nu-
trients comprising the first principal component. Statistical
significance was set at < 5%.

Ethical considerations

This study was approved by the Ethical Review Board of
the Osaka Prefectural Medical Center for Respiratory and Al-
lergic Diseases (currently known as Osaka Habikino Medical
Center) (Approval no. 777-2; approved on August 24, 2016)
and the Research Ethics Committee of the Mukogawa Wom-
en’s University and Junior College (Approval no. 16-87; ap-
proved on December 17, 2016) and was conducted in accor-
dance with the Helsinki Declaration. The study content was
explained to the subjects beforehand, and their written con-
sent was obtained. Consent was also obtained for the use of
sensitive information in this study, and personal information
was pseudonymized when conducting the analysis.
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Results
1. Profile survey

Maternal BMI was significantly lower in the FA group
(20.7 £ 2.7 kg/m?) than in the NFA group (21.4 + 3.4 kg/m?)
(P = 0.007, Table 1). No difference was noted in the propor-
tion of people with BMI < 18.5 kg/m? between the two groups
(Table 1). There were no differences in terms of the age of
mothers between the FA (38.4 + 5.1 years) and NFA (37.7 +
5.5 years) groups and in terms of the age of children between
the FA (7.1 £ 3.3 years) and NFA (7.1 £ 3.9 years) groups.

Table 1. Patient characteristics

Non-food Food allergy Pvalue
allergy group group
Number of mothers 249 305
Age of mothers (year) 37.7 (£5.5) 384  (#5.1) 0.102
Body mass index (BMI)
&1 £t it

(kg/m?) 21.4 (£3.4) 20.7  (£2.7) 0.007
BMI < 18.5/18.5
or > 18.5/18.5 (n) 37/212 60/245 0.146
Age of child (year) 7.1 (£3.9) 7.1 (£3.3) 0.918
Number of families 4.3 (£1.0) 4.1 (+1.0) 0.047*

Data are expressed mean (+standard deviation) Mann-Whitney U-test
*, P <0.05* P<0.01

2. Dietary survey
2-1 Nutrient intake

Nutrient intake in the FA and NFA groups is shown in
Table 2. There were no differences in terms of energy (kcal/
kg), protein, or vegetable protein (g/1,000 kcal) intake be-
tween the two groups.

2-2 Nutrient intake by food group

Nutrient intake by the food group is shown in Table 2.
The intake of green and yellow vegetables, seafood, and con-
fectionery was significantly higher in the FA group than in
the NFA group, whereas that of eggs and dairy products was
significantly lower in the FA group than in the NFA group.
No differences were observed between the two groups in
terms of the intake of other food groups.

Table 2. Intake by nutrient and food groups

Non-food

Food allergy

P-value
allergy group group

Energy intake (kcal/kg) 30 (x11) 32 (+10) 0.123
Protein intake (g/1,000 37.0 (+5.6) 37.1 (+6.1) 0.771
kcal)
Fat intake (g/1,000 kcal) 32.0 (£5.7) 31.3 (£6.2) 0.186
Carbohydrate intake .
(¢/1,000 keal) 130.8 (£19.9) 134.7 (+18.4) 0.015
Green and yellow "
vegetables (g/1,000 keal) 67.9 (£40.4) 75.6 (£44.1) 0.035
Fruits (g/1,000 kcal) 44.3 (+46.2) 52.3 (+48.9) 0.052
Fishes (g/1,000 kcal) 32.9 (£18.1) 36.5 (+20.2) 0.029*
Eggs (g/1,000 keal) 221 (£12.9) 135 (x119)  <0.001%*
Milk (g/1,000 kcal) 98.0 (£64.9) 85.6 (£65.4) 0.027*
Sweets (g/1,000 kcal) 18.4 (£15.6) 22.1(£16.9) 0.009**

Data are expressed as mean (+standard deviation) Mann-Whitney U-test
*, P <0.05** P<0.01** P<0.001

2-3 Extraction of dietary patterns

Factor loadings for principal components and each food
group are shown in Table 3. In terms of dietary patterns, six
principal components with Eigen value > 1 were extracted.
The first principal component had the greatest Eigen value
of 2.343 (15.6% of total variance) among all of the principal
components extracted. Furthermore, on this principal com-
ponent, green and yellow vegetables and other vegetables
showed high factor loadings of 0.869 and 0.799, respectively.
Moreover, because pulses (0.498), fruits (0.433), potatoes
(0.375), and seafood (0.336) were also extracted, dietary pat-
terns that were suggestive of the basic form of the elimina-
tion diet were obtained. In the second through sixth principal
components, because only specific food groups in the second
and third principal components showed high factor loadings,
we interpreted that dietary patterns that reflected the prefer-
ences of the subjects had been extracted.

Table 3. Factor loading of each food group by principal component analysis

1*t factor

Food groups

Cereals

Potatoes

Sugars

Pulses

Green and yellow vegetables

Other vegetables

—0.254*

0.376*

-0.139

0.498*

0.870*

0.799*

2" factor 3" factor 4" factor 5% factor 6" factor
-0.760* 0.407* —-0.164 0.014 0.093
0.110 0.071 0.092 -0.015 0.356*
0.190 0.182 0.528* 0.360* 0.165
0.029 0.038 0.353* -0.477* 0.007
—-0.018 —-0.002 0.017 0.150 0.029
0.031 0.073 0.151 0.141 0.142

*: |load| > 0.30 (in module) n = 554
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Table 3. (Continued)

Food groups 1% factor 2 factor

Fruits 0.434* -0.159
Fishes 0.337* 0.084
Meat 0.113 0.667*
Eggs -0.067 0.303*
Milk —-0.248 0.264*
Oils -0.003 0.595*
Sweets —-0.003 0.011
Beverages -0.202 0.270*
Seasoning spices 0.231 —0.536*
SS loadings 2.343 1.979
Proportion value (%) 15.6 13.2
Cumulative value (%) 15.6 28.8

3" factor 4™ factor 5% factor 6" factor
—-0.392* -0.242 0.251* —-0.061
0.063 0.043 -0.073 —-0.622*
0.299* —-0.392* 0.091 0.106
0.231 0.229 —0.635* -0.158
—-0.337* 0.352* —-0.074 0.497*
0.364* —0.468* 0.024 0.097
—-0.719* —-0.146 -0.111 —-0.062
0.121 0.476* 0.474* —-0.392*
0.421* 0.077 —-0.025 0.122
1.465 1.324 1.123 1.037
9.8 8.8 7.5 6.7
38.6 47.4 54.9 61.8

*: |load| > 0.30 (in module) n = 554

Table 4. Correlation between first principal component and
maternal attributes

Correlation P-value
coeflicient
Food allergy 0.1110 0.0089**
Body mass index -0.0919 0.0305*
Age of children -0.0218 0.6080
Age of mothers 0.0623 0.1436
Number of families -0.0453 0.2869

Spearman’s rank correlation *, P < 0.05 **, P < 0.01 n = 554

2-4 Correlation between the first principal component and
maternal attributes

The results of an examination of the correlation between
the first principal component and maternal attributes are
shown in Table 4. Although a significant positive correlation
was observed between the first principal component and the
presence of FAs (p = 0.111, P = 0.009) and a significant nega-
tive correlation was observed between the first principal com-
ponent and BMI (p = -0.092, P = 0.031), no correlation was
observed between maternal attributes and dietary patterns for
the second principal component and onwards.

2-5 Correlation between the presence of FAs and maternal
attributes/food groups

The results of a logistic regression analysis of the correla-
tion between the presence of FAs and maternal attributes/food
groups comprising the first principal component are shown
in Table 5. The result of logistic regression analysis using the
presence of FAs as a criterion variable and BMI, maternal age,
green and yellow vegetables, other vegetables, pulses, fruits,
potatoes, seafood, and vegetable protein as explanatory vari-
ables revealed significant correlations with BMI (P = 0.018),

pulses (P = 0.012), seafood (P = 0.014), and vegetable protein
(P = 0.025).

2-6 Correlation between BMI and maternal attributes/food
groups

The results of a multiple regression analysis (stepwise regres-
sion) of the correlation between BMI and maternal attributes/
food groups comprising the first principal component are
shown in Table 5. The result of a multiple regression analy-
sis using BMI as a criterion variable and the presence of FAs,
the ages of FA children and mothers, green and yellow vege-
tables, other vegetables, pulses, fruits, potatoes, seafood, and
vegetable protein as explanatory variables revealed significant
negative correlations with the presence of FAs (P = 0.009) and
vegetable protein (P < 0.001) and a significantly positive cor-
relation with other vegetables (P = 0.027).

2-7 Comparison according to three major allergenic foods

The results of a comparison of the FA group whose chil-
dren were allergic to one or none of the three major allergen-
ic foods (< 1 group) and the FA group whose children were
allergic to two or more of the three major allergenic foods
(= 2 group) are shown in Table 6. Although the age of FA
children was significantly lower in the > 2 group (6.5 + 3.0
years) than in the < 1 group (7.5 + 3.4 years) (P = 0.014),
there was no difference in terms of maternal age or BML

The use of substitute foods was significantly greater in the
> 2 group than in the < 1 group, whereas significantly more
mothers experienced anaphylaxis in the > 2 group than in the
< 1 group. The first principal component score was signifi-
cantly higher for the > 2 group (0.32 + 1.13) than for the < 1
group (—0.03 £ 1.02) (P = 0.006).

Protein intake was significantly greater in the > 2 group
than in the < 1 group, and there was no difference in terms of
animal protein intake. Vegetable protein intake was higher in
the > 2 group than in the < 1 group.
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Table 5. Correlation between the presence of FAs, body mass index, and maternal attributes/food groups comprising the first
principal component

Regression Standard

OR 95% P-value coefficient error t value P-value
Body mass index 0.933  0.880-0.988 0.018*
Pulses 0.987 0.977-0.997 0.012*
Fishes 1.010 1.000-1.020 0.014*
Vegetable protein 1.110 1.010-1.210 0.025*
Food allergy -0.670 0.255 -2.634 0.009*
Other vegetables 0.006 0.003 2.218 0.027*
Vegetable protein -0.196 0.050 -3.919 <0.001%

Logistic regression analysis *, P < 0.05 n = 554
Stepwise multiple regression analysis *, P < 0.05 ¥, P < 0.01 ***, P < 0.001 n = 554

Table 6. Comparisons of nutrient intakes between group with < 1 major allergenic foods and group with > 2 major allergen-
ic foods

Group with < 1 major  Group with > 2 major

allergenic foods allergenic foods P-value
n=181 n=124

Age of children (year) 7.5 (+3.4) 6.5 (+3.0) 0.014*
Age of mothers (year) 38.6 (£3.5) 38.2 (+4.6) 0.490
Body mass index of mothers (kg/m?) 20.9 (£2.7) 20.4 (£2.7) 0.159
BMI < 18.5/18.5 or > 18.5/18.5 (n) 28/153 32/92 0.028*
Total number of food causes: egg, milk, flour (piece) 0.82 (+0.38) 2.22 (+£0.41) < 0.001**
Total number of causes of food: other than eggs, milk, flour (piece) 0.39 (£0.49) 0.53 (+0.50) 0.016*
Substitute food use (use/not use) 48/133 101/23 < 0.001%*
Anaphylaxis with or without (with/without) 84/97 87/37 0.004**
1% factor —0.03 (+1.02) 0.32 (£1.13) 0.006**

Data are expressed as mean (+standard deviation) Mann-Whitney U-test *; P < 0.05 **, P < 0.01 ***, P < 0.001

Discussion
The aim of the present study was to investigate how the In addition, their first principal component score was higher,
presence of children with FAs affected the eating habit and and they showed a tendency to consume more vegetable pro-
BMI of the mothers by focusing on the meal content of the tein.
mothers and identifying the nutritional intake that affected These result suggested a correlation between BMI of FA
BMI. Therefore, we conducted a dietary survey of mothers of mothers and the quantity of food consumption including
children with FAs to investigate their dietary patterns. vegetable protein, such as vegetables and pulses, and that the
The results revealed that the FA group had significantly quantity was related to the extent to which the FA child was
lower BMI than the NFA group. Furthermore, the first prin- allergic to the three major allergenic foods, the age at which
cipal component was diet, which was dominated by foods of the FA child began to display allergic symptoms, the use of
plant origin, such as vegetables and pulses, demonstrating non-allergenic substitutes, and the experience of anaphylaxis.
that this dietary pattern was suggestive of a basic allergen-free With regard to the baseline survey, no difference was noted

diet for FA children and that it was associated with FAs and in the BMI of the mothers before pregnancy between the FA
BMI of FA mothers. Moreover, within the FA group, children mothers (20.0 + 2.1 kg/m* n = 266) and the NFA mothers

who were allergic to two or more of the three major allergen- (20.4 + 2.9 kg/m* n = 201) low BMI can be attributed to the
ic foods were significantly younger than those who were al- ineffective absorption of nutrients and/or to the increased en-
lergic to one or none of the allergenic foods, and there were ergy consumption as a result of disease.’* However, subjects
significantly more children among them who used non-aller- with such diseases were excluded from the present study.

genic substitute foods or who had experienced anaphylaxis.
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We then examined the lack of adequate food intake. Al-
though no significant difference was found in terms of ener-
gy and protein intake between the FA and NFA groups, re-
sults from our prior investigation demonstrated that mothers
whose children had eggs as a cause (11.9 + 10.6 g/1,000 kcal;
n = 229) had significantly lower intake of eggs (P < 0.001)
than mothers whose children did not (18.1 + 14.0 g/1,000
kcal, n = 76). Furthermore, mothers whose children had milk
as a cause (72.7 + 57.8 g/1,000 kcal; n = 135) had signifi-
cantly lower intake of milk (P = 0.002) than mothers whose
children did not (95.8 + 69.4 g/1,000 kcal; n = 170). We thus
confirmed that low intake in food groups were associated with
the cause of allergy.

This suggested that the mother’s diet conforms to the aller-
gen-free diet of the child

We also examined the meal content of FA mothers. The
basic allergen-free diet—a vegetable protein-dominant dietary
pattern—was extracted as a first principal component, demon-
strating that the BMI of FA mothers is correlated to vegetable
protein intake. A comparison of the number of the three ma-
jor allergenic foods to which children were allergic revealed
that greater the number of allergenic foods and stricter the
allergen-free diets were followed, greater is the tendency for
higher vegetable protein intake. Therefore, it is believed that
vegetable protein intake affects BMI.

A research report on soy protein—a vegetable protein—
and serum lipids has stated that the types of proteins synthe-
sized during the digestion of soy protein are involved in sup-
pressing the increases in serum cholesterol concentrations®
and affect liver enzymes responsible for the synthesis and deg-
radation of lipids and the synthesis of triglycerides.?* Soy pro-
tein can regulate lipid metabolism by affecting the absorption
of neutral fats and cholesterol.? This shows that the types of
protein in the diet may affect lipid levels and BMI.

Even in the present study, it is conceivable that soy protein
intake is dominant in the dietary patterns of children con-
suming allergen-free diets. The association between vegetari-
an diets (which restrict animal protein in favor of fruit and
vegetables) and body fat indicators, such as BMI, has been in-
vestigated in several large cohort studies.”>*® Individuals who
ate > 19 servings of vegetables every week developed less vis-
ceral obesity.” Furthermore, a systematic literature review of
the health effects of protein intake in healthy adults suggested
that vegetable protein intake is inversely correlated with blood
pressure and the mortality rate from cardiovascular disease.

These observations suggest that vegetable protein intake
affects body fat. We then investigated the correlation between
vegetable protein intake and BMI and indeed found a signifi-
cant negative correlation. Vegetable protein intake not only af-
fects the body fat but also has a positive influence on visceral
fat, cardiovascular disease, and blood pressure. However, in a
study of the relationship between the muscle mass of healthy
women and their animal protein intake, it was reported that
animal protein intake is an independent predictor of muscle
mass index.”” To prevent the loss of muscle mass, biases to-
ward vegetable protein consumption must not be overlooked.

Moreover, when a low BMI are accompanied by calcium
and/or vitamin D deficiency, there is a greater likelihood of
developing osteoporosis.®® As the risk of osteoporosis increas-
es even more when menopause is included as a factor, it is
necessary to increase bone mass and density from an early
age to prevent osteoporosis. Furthermore, heavy drinking can
reduce bone density, which causes osteoporosis and/or bone
fractures.®

There is the possibility that children’s digestive system de-
velops as they grow up and they become able to tolerate al-
lergens and eat a wider variety of foods, including foods that
would have previously triggered reactions. There is the need
for further study on changes in the diets of FA mothers with
the growth of their children. While nutritional guidance to FA
children is essential, nutritional support to FA mothers is also
important.

The strengths of the present study were that lower BMI
and leanness were observed among FA mothers and that nu-
trients that influence BMI were extracted. As far as we could
ascertain, this correlation between BMI and nutrient intake of
FA mothers was not observed in other studies and this study
appears to be the first to report these aspects in combination.
The questionnaire completion rate was high, and the neces-
sary sample size could be collected. Furthermore, because
there was not much difference between the two groups (FA
and NFA) in terms of the average age of mothers and because
their backgrounds were similar, high-quality comparisons
could be made. With the BDHQ, we could calculate intake for
approximately 30 different types of nutrients and for approxi-
mately 50 different types of food, enabling us to comprehen-
sively analyze the meal content.

The limitations of the present study are as following: there
was no blood test data of the subjects (such as serum neutral
fat levels), body composition measurements (such as body
fat percent) were not taken, height and weight measurements
were self-reported, which poses the possibility of recall bias,
and the questionnaire was only administered during the sum-
mer (July and August). Accordingly, it is undeniable that there
are limitations on how the results of the present study may be
interpreted. In addition, weight loss may occur due to impacts
from the amount of daily activity and housework related to
child rearing; however, this was not investigated in the present
study. We plan to investigate these aspects in the future.

Conclusion

An investigation of dietary patterns of mothers with young
children indicated a first principal component suggestive of
a basic allergen-free diet for FA children (mainly compris-
ing vegetables, pulses, fruit, and potatoes). The first princi-
pal component was observed to be significantly correlated
with the presence of FA and mothers’ BMI. Significant cor-
relations were also observed between the presence of FAs
and vegetable protein intake and between maternal BMI and
vegetable protein intake. These results indicated that BMI
of FA mothers may be affected by a diet that follows their
FA child’s allergen-free diet (i.e., meals dominated by veg-
etable protein). Moreover, the degree to which an FA moth-
er is affected may depend on the number of foods to which
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her FA child is allergic. Our findings thus helped to discover a
nutritional issue that is peculiar to FA mothers. In the future,
we believe that the influence on other siblings, the father, and
other family members of FA children living together should
be investigated.
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