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Capsule summary: Higher food diversity during the first year of liégpears to decrease the
risk of allergic sensitization to aeroallergengad5 years only among children with early
skin symptoms in German birth cohort.

Key words: food diversity; eczema; asthma, allergic rhiniéiBergic sensitization; children
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Tothe Editor:

Contrary to current recommendations, several dirtitals in high risk children reported that
early introduction of highly allergenic foods, esjadly peanut and egg, prevents food allergy
later in life.' 2 This opened the debate about changing the reconmatiens about timing of

solid food introduction and length of exclusivedstieeding to prevent allergic diseases.

Exposure to food antigens and bacteria has beegesteyl to modulate immune tolerance,
crucial for later development of allergic diseadeEherefore, not only timing of solid food
introduction, but also solid food diversity has d@e of research interest. So far, only a
handful of studies have addressed the latter isgeeifically.”® Two studies have concluded
that higher food diversity during the first yearliéé might be protective against later
development of allergic diseases in childreRtHowever, in the first study,stratified
analyses indicated that associations with atogtmae, allergic rhinitis and wheeze were
mainly present in a subgroup of children with atogizema. In the second stulgn
association with asthma was no longer observed eftgusion of children with extremely
low food diversity. Both studies are based on setkpopulations and were not able to

sufficiently control for reverse causality.

In previous analyses of our own data from the pajporh-based German birth cohort
LISAplus (recruited from 1998 to 1999) we lookedad diversity within the first six

months of life in association with allergic outcanetil 2 and 6 years. We found protective

effects for allergic sensitization to food allergeand eczema that are due to reverse causality.

"8 Here, we expanded the follow-up of LISAplus uatje of 15 years. This led to bigger
numbers of cases and allowed longitudinal modelitg repeated assessments of five
allergic outcomes - doctor diagnosed eczema, aséimaallergic rhinitis, as well as

sensitization to aeroallergens and food allergéfis.used several definitions of food
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diversity (food group and food item diversity, edaated in quartiles and continuously)
during the first year of life. All analyses wereadified by presence of a wide range of early
skin symptoms to test the impact of reverse caysdlhe LISAplus cohort has been
approved by the local ethics committees, and inéafironsent was obtained from all
families. Study methods are described in OnlinepBrpent S1 and a flow chart of study

participants is provided in Fig. S1.

Participants with early skin symptoms (n=1507)etéd from those without (h=1011) in
many characteristics: they were more likely to &d&uited in the big cities of Munich and
Leipzig than in the small towns of Bad Honnef and3&l, to have atopic parents or siblings
as well as parents with higher education leveltadie exposed to tobacco smoke in utero or
at home, and not to have older siblings (Table Blbyeover, participants with early skin
symptoms were more likely to have lower food diugrand higher prevalence of all five

allergic outcomes.

In the total population, children in the highesagile that were introduced to all eight food
groups during the first year of life had lower oddsleveloping eczema up to 15 years
compared to children in the lowest quartile withhaximum of five food groups (odds
ratio=0.67 [95% confidence interval=0.48 to 0.9Bdple 1). The association was gone after
stratification by early skin symptoms. Childrertle highest quartile of food group diversity
had lower odds of allergic sensitization to aceygkns (0.61 [0.44 to 0.85]). This association
was also present in children with early skin symmdout not in those without. Except for an
association with asthma (0.21 [0.05 to 0.82]),dreih without early skin symptoms showed
no statistically significant associations. Whendavoup diversity was treated as a
continuous variable, statistically significant asations were observed for eczema in the total

population and for allergic sensitization to aelerglens in the total population and in



95 children with early skin symptoms. In sensitivityadyses (additionally adjusted models,
96 restriction to participants with complete outconagadand restriction to participants with
97 complete exposure data), the associations remanosti consistent for allergic sensitization
98 to aeroallergens. No age-varying effects of foasugrdiversity during the first year were

99 identified.

100  When fooditem diversity was used as an exposure variable insiEubd group diversity,
101 similar associations for allergic sensitizatioragyoallergens were observed (Table S2).
102  However, in children without early skin symptomggthfood item diversity increased risk of

103  allergic rhinitis (thirdvs lowest quartile: 2.12 [1.04 to 4.29]).

104 At first glance, the results of our analyses sesimdicate that exposing children with early
105  skin symptoms to higher diversity of food groups &ems would lower their risk of allergic
106  sensitization to aeroallergens. However, childréh early skin symptoms are heterogeneous
107  in terms of symptoms severity. Children with moegere symptoms are more likely to be

108  forced into dietary restrictions. We can specullatd the subgroup with the most severe

109 symptoms had the lowest food diversity while atghme time being at the highest risk of

110  developing allergic sensitization later in lifeJsing this low-food-diversity, high-allergy-risk
111 subgroup as a reference category predeterminesdpe of the regression curve and gives
112 the false impression that higher food diversitgngtective against allergic sensitization to

113 aeroallergens in children with early skin symptoms.

114  Other observed statistically significant assocragiare most likely due to chance which is
115  supported by their inconsistency when using difiedefinitions of food diversity and by
116  several sensitivity analyses. Lack of statistiaaipr might be another explanation for such

117  inconsistency, especially in case of asthma wheeryastrict definition was used.



118

119

120

121

122

123

124

125

126

127

128

129

130

Large population size and longitudinal analysipmispectively collected data on food
diversity and several allergic outcomes, as wethasavailability of detailed information on
potential confounders are the main strengths efghidy. Still, we did not have information
on frequency or amount of introduced food itemsalvhs a clear limitation. Furthermore, we
had very detailed information on early skin sympsomhich allowed us to accurately stratify
the analyses and thereby minimize reverse causalibe subgroup without early skin
symptoms. Nevertheless, we acknowledge that noeditsenal study can rule out
confounding and reverse causality completely, a&edefore, randomized interventional

studies are needed to further investigate the itngfdfood diversity on allergic diseasés.

In summary, higher food diversity during the fiystar of life appears to be associated with
decreased risk of allergic sensitization to aeengéns up to 15 years among children with
early skin symptoms in our population-based cohidre relevance of this observation is

unclear.
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Table 1. Adjusted odds ratios with 95% confidence intenadldiver sity of food groups
duringthefirst 1 year and a range of allergic outcomes up to 15 yealigeodstimated by
generalized estimating equations models. All modedsadjusted for time of follow-up, sex,
study area, family history of allergic diseasegastfeeding during the first four months and
parental education.

Total study Participants Participants
population without early with early
(n=2518) skin symptoms  skin symptoms
(n=1011) (n=1507)
Eczema (2-15 years)
Diversity of food groups, quartiles
0-5 1 1 1
6 0.79 (0.56-1.11) 1.31(0.61-2.83) 0.86 (01526)
7 0.80 (0.57-1.11) 1.07 (0.50-2.31) 0.95 (01638)
8 0.67 (0.48-0.94)' 1.25(0.60-2.62) 0.68 (0.46-1.01)

Diversity of food groups, continuclis  0.90 (0.83-0.98) 1.02 (0.85-1.22) 0.91 (0.82-1.01)

Asthma (3-15 years)

Diversity of food groups, quartiles

0-5 1 1 1

6 1.15(0.62-2.14) 0.57 (0.14-2.29) 1.41 ((R7A%)
7 0.91 (0.48-1.72) 0.73(0.19-2.78) 1.02 ((24Bt)
8 0.53 (0.26-1.06) 0.21 (0.05-0.82)' 0.70 (0.32-1.50)

Diversity of food groups, continucus  0.89 (0.77-1.03) 0.82 (0.60-1.11) 0.94 (0.80-1.11)

Allergicrhinitis (3-15 years)

Diversity of food groups, quartiles

0-5 1 1 1

6 0.96 (0.65-1.42) 1.48 (0.65-3.41) 0.89 (01539)
7 0.93 (0.64-1.34) 1.64 (0.76-3.55) 0.78 (0L5At)
8 0.75 (0.51-1.12) 0.99 (0.42-2.38) 0.73 (014B4)

Diversity of food groups, continuous 0.94 (0.864) 1.01(0.84-1.22) 0.93(0.83-1.04)

Allergic sensitization to aer oallergens
(at 6, 10 and 15 years)

Diversity of food groups, quartiles
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0-5 1 1 1
6 1.05 (0.75-1.46) 0.98 (0.52-1.86) 1.04 (OL7EB)
7 0.84 (0.61-1.16) 0.86 (0.46-1.58) 0.80 (Q1520)
8 0.61 (0.44-0.85)* 0.80 (0.44-1.43) 0.50 (0.30-0.83)°

Diversity of food groups, continuclis  0.88 (0.80-0.95) 0.93 (0.78-1.10) 0.82 (0.74-0.92)

Allergic sensitization to food allergens
(at 6, 10 and 15 years)

Diversity of food groups, quartiles

0-5 1 1 1
6 1.39 (0.92-2.08) 1.45 (0.66-3.17) 1.46 ((R9B6)
7 1.15 (0.77-1.72)  1.41 (0.66-2.98) 1.07 (OL6FB)
8 1.14 (0.76-1.72) 1.49 (0.68-3.27) 1.02 (Q16%7)

Diversity of food groups, continuots  1.03 (0.93-1.14) 1.11 (0.91-1.35) 0.99 (0.87-1.12)

Significant associations (p<0.05) are written itddont.
!identifies that an effect estimate remained dtetily significant in 1 out of 4 sensitivity
analyses (additionally adjusted for early skin syongs (total population only), additionally
adjusted for birth weight, presence of older sigginmaternal smoking during pregnancy and
tobacco smoke exposure in the home, exclusionnitjpants with partially missing
outcome data, exclusion of participants with péytiissing exposure dat&)— in 2 out of 4
sensitivity analyse$,— in 3 out of 4 sensitivity analysés; in 4 out of 4 sensitivity analyses
gtotal population only).

Odds ratio scaled per interquartile range incré2ggoups).
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Supplemental material S1. Methods

Study population. Data were obtained from the ongoing multicentreutajoon-based

German birth cohort LISAplus (Influence of Life-8yFactors on the Development of the
Immune System and Allergies in East and West Geyrpars the Influence of Traffic
Emissions and GenetickY: Briefly, healthy full-term neonates with a nornbitth weight

were recruited at selected maternity hospitals imidh, Leipzig, Wesel and Bad Honnef
between 1997 and 1999 (n=3094). Parent-completestigmnaires were administrated at
birth and when a child was six, 12 and 18 mordhs, two, four, six, 10 and 15 years old.
Additionally, at age of two, six, 10 and 15 yedn®od samples were collected from a subset
of children. The LISAplus cohort has been apprawedhe local ethics committees, and

informed consent was obtained from all families.

Food diversity. Timing of introduction of 48 solid food items inthild’s diet was collected at
six months and at one year of age. If a familyipignated in both six months and one year
follow-up, and if the information on solid food fotluction was partially answered, the

missing data were coded as being a report of nahyreduced food item.

48 food items were grouped into eight food gropyvegetables (avocado, cauliflower,
beans, broccoli, peas, cucumbers, carrots, potaitete cabbage, turnip cabbage, lenses,
celery, asparagus, spinach, tomatoes, onion, vegetable juices); (2) fruit (apples, pineapples,
apricots, bananas, pears, strawberries, peaches, ftuit, frut juices); (3) cereal
(bread/pretzels/rolls, cookies/cakes/rusk, rollatsomuesli, millet, cornmeal/corn starch,
wheat semolina/starch, noodles, rice/rice starch, spelt); (4) meat (poultry, lamb, veal/beef,
pork, sausages); (5) egg; (6) dairy products (cow milk/cream, yoghurt/quark/cheese); (7) fish;

(8) other (nuts, soy products, cocoa/chocolaté).
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Food group diversity in child’s diet during the first year of life wagtermined by summing
up and subsequent categorization into quartilesrdowy to the statistical distribution in the
complete study population (regression results ptesiein Table 1). Additionally, food group
diversity was analyzed continuously. As a sensjtignalysisfood item diversity at the first
year of life was created (regression results ptesein Table S2) to test whether results are

subject to decisions made during data analysis.

Allergic outcomes. Data on allergic outcomes were collected at sixaidl®@ 18 months, and
two, four, six, 10 and 15 years of age. In casecakma, only information collected from two
years onwards was used as an outcome; earlier information has been used as a part of the

“early skin symptoms” definition to take into accdyotential reverse causation in the
regression analyses. For other allergic outcomdy,information collected from three years
onwards was used due to difficulty of accurate sis of these outcomes at very young

ages.

A doctor diagnosis of eczema (yearly, 2 to 15 yeansl asthma (yearly, 3 to 15 years) was
defined as a positive response to “In the last datirs, has your child been diagnosed with
eczema/asthma?” A doctor diagnosis of allergicitisifyearly, 3 to 15 years) was defined as
a positive response to one of the two questionshH#gnast 12 months, has your child been
diagnosed with hay fever/allergic rhinitis?” If thilow-up period covered a timeframe of

greater than one year, the prevalence of the deagmeas asked separately for each year.

Specific immunoglobulin E (IgE) against common i@éns was assessed at ages six, 10 and
15 years using the standardized CAP-RAST FEIA neet{idermoFischer, Freiburg,
Germany). Allergic sensitization to common aeraghas (SX1: house dust mites, cats, dogs,

mold, birch, rye, mugwort and timothy grass) aslasglallergic sensitization to food allergens



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

(FX5: milk, peanut, eggs, soya, cod, wheat flouaswlefined as a specific IgE value above

0.35 kU/L against SX1 and FX5 allergens, respebtjwie one or more blood samples.

Early skin symptoms. Early skin symptoms during the first year of lifeng determined as a
doctor diagnosis of any of the following: atopic dermatitis, allergic or atopic eczema; food
allergy, hives, urticas, allergic edema; milk crust or seborrheic eczema; eczema without
further specifications, or if parents reported @tzeas a result of food intolerance or

symptomatic allergic eczemaMissing data were coded as a report of no symptoms.

Statistical analysis. Given the longitudinal data structure (i.e. repdatssessment of allergic
outcomes), generalized estimation equations (G&éth logit link and exchangeable
correlation structure were used to model the efiéébod group and item diversity during the
first year of life on allergic outcomes up to 15¥® The regression results are reported as

odds ratios with corresponding 95% confidence vatisr

Main models were adjusted for time of follow-up t@ame-specific), sex (male female),
study area (Munichs Leipzigvs Bad Honnefis Wesel), family history of allergic diseases
(yesvs no), breastfeeding during the first four monthasfys in partvs no) and parental
education (based on the highest number of yeasshufol education of either parent: <10

yearsvs =10 years/s >10 years, according to the German educatiorséry).

Several sensitivity analyses were conducted. Firetlels were additionally adjusted for early
skin symptoms (total population only). Second, nmaodels were additionally adjusted for
birth weight (grams), presence of older siblingssfys no), maternal smoking during
pregnancy (yess no) and tobacco smoke exposure in the homevg/ms, ever from birth to

4 years) as a combined variable. Third, participavith partially missing outcome data (i.e.

not available at all time points) were excludedvrthe analyses. Forth, children with any
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missing data in original exposure variables werdused from the analyses. Finally, effect
modification by age was tested by introducing ® iiodels an interaction term between

exposure variable and outcome-specific time obfeiup.

All aforementioned analyses were conducted forestudy population as well as stratified
by whether a child had early skin symptoms at its¢ year of life. This was done, as we
previously found evidence for reverse causalityMeen early skin symptoms and

introduction of solids®

Data management was conducted using the program\@i&son 9.2 (SAS Institute Inc.,
Cary, NC; USA). Statistical analyses were conducted using the program R, version 3.2.4
(Vienna, Austria)? GEE models were fitted by tlyeeglm function from thegeepack
package® Running the analyses was simplified by usingrteyregs package® Statistical

significance level was considered at p<0.05.
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Table S1.Description of the study population.

Characteristic Complete  Participants  Participants p-value®
study without with early
population early skin skin
(n=2518) symptoms symptoms
during the during the
first year first year
(n=1011) (n=1507)
Male sex 51.9 51.6 52.0 0.847
Centre
Munich 51.0 50.5 51.2 0.006
Leipzig 28.6 26.0 30.4
Bad Honnef 10.2 11.2 9.5
Wesel 10.2 12.3 8.9
Family history of allergic 57.2 51.1 61.3 <.0001
diseases - yes
Breastfeeding during the 0.612
first 4 months
exclusive 58.2 57.9 58.4
partial 35.8 35.6 36.0
no 6.0 6.5 5.6
Parental education 0.005
low 4.3 5.9 3.3
medium 26.8 27.6 26.2
high 68.9 66.6 70.5
Birth weight (grams)* 3475.8+440.7 3456.2+443.1 3488.9+438.7 0.124
Exposure to tobacco smoke 0.003
in utero and at home
between 0 and 4 years
definitely never 53.9 51.9 55.2
likely never 7.6 6.0 8.6
in utero or at home ever 38.6 42.0 36.2
Presence of older siblings — 43.7 46.3 42.0 0.035
yes
Food group diversity during <.0001
the first year
0-5 19.9 15.6 22.8
6 22.4 23.0 22.1
7 29.3 31.6 27.7
8 28.4 29.8 27.4
Food item diversity during 0.034




the first year

0-26 26.8 24.2 28.5

27 -30 23.3 23.4 23.2

31-34 22.9 25.4 21.2

35-48 27.0 26.9 27.1
Eczema ever 2-15 years*** 225 11.6 29.9 <.0001
Asthma ever 3-15 years*** 6.9 4.6 8.3 0.001
Allergic rhinitis ever 3-15 17.5 12.8 20.6 <.0001
years***
Allergic sensitization to 42.5 33.9 48.5 <.0001

aeroallergens ever at 6, 10 or
15 years***

Allergic sensitization to food 19.3 16.9 21.0 0.049
allergens ever at 6, 10 or 15
years***

*  MeanzStandard deviation

**  Same as “definitely never” but data are pdlgiaissing.

*** There are some missing data due to differentigtpopulation sizes depending on the
outcome.

8 Chi-Square test or two-tailed Mann-Whitney U tést pirth weight).



Table S2.Adjusted odds ratios with 95% confidence intenddldiversity of food items
during the first 1 year and a range of allergic outcomes up to 15syefdife estimated by
generalized estimating equations models. All modedsadjusted for time of follow-up, sex,

study area, family history of allergic diseasegastfeeding during the first four months and
parental education.

Total study Participants Participants
population without early with early
skin symptoms skin symptoms

Eczema (2-15 years)

Diversity of food items, quartiles

0-26 1 1 1

27-30 0.84 (0.62-1.15) 1.29 (0.67-2.46) 0.83§¢L.18)
31-34 0.75(0.54-1.04) 1.17 (0.61-2.25) 0.783€L.13)
35-48 0.86 (0.63-1.16) 1.01 (0.52-1.95)  0.88 (0.62-1.24)

Diversity of food items, continuotis ~ 0.99 (0.97-1.01) 1.00 (0.97-1.03) 0.99 (0.97-1.01)

Asthma (3-15 years)

Diversity of food items, quartiles

0-26 1 1 1

27-30 0.96 (0.50-1.83) 0.98 (0.27-3.54) 0.98%€R.00)
31-34 1.33(0.73-2.41) 0.54 (0.13-2.19) 1.78@€B.39)
35-48 0.91 (0.50-1.67) 0.80 (0.24-2.72).98 (0.49-1.95)

Diversity of food items, continuotis ~ 1.00 (0.97-1.03)  0.99 (0.93-1.04) 1.00 (0.97-1.04)

Allergic rhinitis (3-15 years)

Diversity of food items, quartiles

0-26 1 1 1

27-30 0.98 (0.67-1.43) 1.43 (0.67-3.05) 0.8B6aL.35)

31-34 1.14 (0.79-1.64)2.12 (1.04-4.29) 0.94 (0.61-1.44)

35-48 0.96 (0.66-1.40) 1.56 (0.75-3.27) 0.853aL.25)
Diversity of food items, continuous 0.99 (0.9p1). 1.02 (0.98-1.05) 0.98 (0.96-1.01)

Allergic sensitization to aeroallergens
(at 6, 10 and 15 years)

Diversity of food items, quartiles




0-26 1 1 1

27-30 0.83 (0.60-1.13) 0.81 (0.43-1.55) 0.794a1.16)
31-34 1.00 (0.73-1.38)  1.29 (0.72-2.31) 0.98201.37)
35-48 0.72 (0.52-0.98) 0.93 (0.51-1.69) 0.64 (0.44-0.94)

Diversity of food items, continuotis ~ 0.99 (0.97-1.00) 1.00 (0.97-1.03)0.98 (0.96-1.00)

Allergic sensitization to food allergens
(at 6, 10 and 15 years)

Diversity of food items, quartiles

0-26 1 1 1

27-30 0.79 (0.54-1.17) 0.71 (0.34-1.48) 0.8B56L.40)
31-34 1.19 (0.82-1.73)  1.06 (0.55-2.06) 1.36G€R.15)
35-48 0.92 (0.63-1.33) 1.09 (0.57-2.08) 0.854€L.35)

Diversity of food items, continuotis ~ 1.01 (0.99-1.03) 1.02 (0.99-1.06) 1.00 (0.97-1.02)

Significant associations (p<0.05) are written itddont.

!identifies that an effect estimate remained dtetily significant in 1 out of 4 sensitivity
analyses (additionally adjusted for early skin syongs (total population only), additionally
adjusted for birth weight, presence of older sigginmaternal smoking during pregnancy and
tobacco smoke exposure in the home, exclusionritjpants with partially missing

outcome data, exclusion of participants with pétimissing exposure data dat&,); in 2

out of 4 sensitivity analyse¥;- in 3 out of 4 sensitivity analysés; in 4 out of 4 sensitivity
analyses (total population only).

0dds ratio scaled per interquartile range incr¢asems).



Recruited

n=3094

Available information on food diversity

n=2720

Available infor mation on at least one outcome at
least at onetime point

n=2621

Available information on main confounders

n=2518

Figure S1. Flow chart of study participants.
Main confounders: sex, centre, family history of allergic diseases, breastfeeding during first 4
months and parental education.



