PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Prevalence of Childhood Celiac Disease and Changes in Infant Feeding
Anneli Ivarsson, Anna Myléus, Fredrik Norstrom, Maria van der Pals, Anna Rosén,
Lotta Hogberg, Lars Danielsson, Britta Halvarsson, Solveig Hammarroth, Olle
Hernell, Eva Karlsson, Lars Stenhammar, Charlotta Webb, Olof Sandstrom and
Annelie Carlsson
Pediatrics; originally published online February 18, 2013;

DOI: 10.1542/peds.2012-1015

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/early/2013/02/13/peds.2012-1015

PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned,
published, and trademarked by the American Academy of Pediatrics, 141 Northwest Point
Boulevard, Elk Grove Village, Illinois, 60007. Copyright © 2013 by the American Academy
of Pediatrics. All rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from pediatrics.aappublications.org at WALAEUS LIBRARY on February 25, 2013



ARTICLE

Prevalence of Childhood Celiac Disease and
Changes in Infant Feeding

AUTHORS: Anneli Ivarsson, MD, PhD,2* Anna Myléus, MD,
PhD,a* Fredrik Norstrom, PhD,2 Maria van der Pals, MD,?
Anna Rosén, MD, PhD,2° Lotta Hogberg, MD, PhD,%¢ Lars
Danielsson, MD,f Britta Halvarsson, MD, PhD,¢ Solveig
Hammarroth, MD/ Olle Hernell, MD, PhD," Eva Karlsson, MD,
Lars Stenhammar, MD, PhD ¢ Charlotta Webb, MD.,? Olof
Sandstrom, MD, PhD" and Annelie Carlsson, MD, PhDP

Departments of @Public Health and Clinical Medicine,
Epidemiology and Global Health, °Medical Biosciences, Clinical
and Medical Genetics, and "Clinical Sciences, Pediatrics, Umed
University, Umed, Sweden; Department of Pediatrics, Clinical
Sciences, Skanes University Hospital, Lund University, Lund,
Sweden; 2Pediatric Clinic, Norrkoping Hospital, Norrkoping,
Sweden; ¢Department of Clinical and Experimental Medicine,
Division of Pediatrics, Linkoping University, Linkoping, Sweden;
Pediatric Clinic, Norrtdlje Hospital, Norrtdlje, Sweden; 9Pathology
and Cytology, Aleris Medilab, Tdby, Sweden; and ‘Pediatric Clinic,
Vaxjo Hospital, Vaxjo, Sweden

KEY WORDS
celiac disease, prevalence, infant feeding

ABBREVIATIONS

Cl—confidence interval
EMA—endomysial antibodies
IgA—immunoglobulin A

tTG—tissue transglutaminase antibodies

*Drs Ivarsson and Myléus contributed equally to this work.

Drs Ivarsson, Carlsson, Danielsson, Stenhammar, and Hernell
designed the study; Dr Ivarsson was responsible for the overall
supervision of the study; All authors participated in the
development of the study protocol and the performance of the
study; Drs Carlsson, Karlsson, Stenhammar, Danielsson, and
Ivarsson were each responsible for one of the study sites;
Clinical evaluations were primarily performed by Drs Webb, van
der Pals, Karlsson, Hogherg, Hammarroth, and Sandstrom. Dr
Halvarsson performed all blinded histopathological evaluations;
Dr Rosén performed quality control on the clinical data; Dr
Norstrom was responsible for the database; Data analyses were
performed by Drs Norstrom and Myléus; Drs Myléus and van der
Pals wrote the first draft of the manuscript; and all authors
participated in data interpretation and critical revision of the
manuscript and approved its final version.

(Continued on last page)

PEDIATRICS Volume 131, Number 3, March 2013

WHAT’S KNOWN ON THIS SUBJECT: Celiac disease is increasing in
several countries and has emerged as a public health problem.
Infant feeding has been suggested to affect celiac disease
development and/or clinical expression. However, evidence-based
complementary feeding strategies are limited.

WHAT THIS STUDY ADDS: Significant difference in celiac disease
prevalence between 2 cohorts of 12-year-olds indicates an option
for disease prevention. The cohorts differed in infant feeding, and
our findings suggest that gradual introduction of gluten in small
amounts during ongoing breastfeeding is favorable. /

S

OBJECTIVES: Between 1984 and 1996, Sweden experienced an “epi-
demic” of clinical celiac disease in children <2 years of age, attrib-
uted partly to changes in infant feeding. Whether infant feeding
affects disease occurrence and/or the clinical presentation remains
unknown. We investigated and compared the total prevalence of celiac
disease in 2 birth cohorts of 12-year-olds and related the findings to
each cohort’s ascertained infant feeding.

METHODS: A 2-phase cross-sectional screening study was performed
in which 13 279 children from 2 birth cohorts participated: children
born during the epidemic (1993) and children born after the epidemic
(1997). Previously diagnosed cases were reported and confirmed.
Blood samples were analyzed for serological markers and children
with positive values were referred for small intestinal biopsy. Infant
feeding practices in the cohorts were ascertained via questionnaires.
Prevalence comparisons were expressed as prevalence ratios.

RESULTS: The total prevalence of celiac disease was 29 in 1000 and 22
in 1000 for the 1993 and 1997 cohorts, respectively. Children born in
1997 had a significantly lower risk of having celiac disease compared
with those born in 1993 (prevalence ratio: 0.75; 95% confidence inter-
val: 0.60-0.93; P = .01). The cohorts differed in infant feeding (specif-
ically, in the proportion of infants introduced to dietary gluten in
small amounts during ongoing breastfeeding).

CONCLUSIONS: A significantly reduced prevalence of celiac disease in
12-year-olds indicates an option for disease prevention. Our findings
suggest that the present infant feeding recommendation to
gradually introduce gluten-containing foods from 4 months of age,
preferably during ongoing breastfeeding, is favorable. Pediatrics
2013;131:¢687—-e694
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Celiac disease is one of the most
common chronic diseases in childhood,
affecting ~1% of the population, although
a substantial variation in prevalence
has been reported.™® Prerequisites for
developing celiac disease are genetic
susceptibility (HLA-DQ2 or DQ8 haplotype)
and dietary exposure to wheat gluten or
related prolamins.’® Serologic markers
indicative of the disease are widely used,
but ascertainment of small intestinal
enteropathy is often regarded as the
diagnostic gold standard.”# In infancy,
celiac disease frequently presents with
gastrointestinal symptoms, malnutrition,
and failure to thrive, but its onset can
occur throughout life with variable
clinical presentation. Because mild
symptoms are common, the majority of
individuals with celiac disease remain
undiagnosed.4 Geliac disease is asso-
ciated with morbidity and increased
mortality, especially when untreated.210
Currently, the only effective treatment is
a strict gluten-free diet.!

Sweden experienced an “epidemic” of
celiac disease (1984—1996) in children
aged <2 years.’ Afourfold increase in
incidence of clinically detected disease,
followed by a comparable decrease 1
decade later, was confirmed through
the National Swedish Childhood Celiac
Disease Register."'-13 The epidemic has
been attributed to differences between
the epidemic and postepidemic birth
cohorts regarding infant feeding.!.14
Both breastfeeding and aspects of glu-
ten introduction have been associated
with celiac disease risk.’™>7 However,
whether infant feeding affects the dis-
ease occurrence or the clinical pre-
sentation and/or age at disease onset
remains unknown. Thus, the relation-
ship between infant feeding and celiac
disease risk, as well as between infant
feeding and other autoimmune diseases
and allergies, remains controversial,
and evidence-based complementary
feeding strategies are limited.'®-'8 We
investigated and compared the total
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prevalence of celiac disease, including
both clinically and screening-detected
cases, in 2 birth cohorts of 12-year-olds
from the epidemic and postepidemic
period, respectively, and related the
findings to each cohorts’ ascertained
infant feeding.

METHODS
Study Design

The study was undertaken within the
Centre for Global Health Research at
Umead University, with support from the
Swedish Gouncil for Working Life and
Social Research.

We performed a 2-phase cross-
sectional screening study called ETICS
(Exploring the lIceberg of Celiacs in
Sweden), which is part ofthe PreventCD
European project.’ The screenings
were school-based, performed in 2005—
200620 and in 2009—2010, and included
2 birth cohorts of 12-year-olds, 1 rep-
resenting the epidemic birth cohorts
(born in 1993) and the other repre-
senting the postepidemic cohorts
(born in 1997). Characteristics of the
birth cohorts regarding infant feeding
and celiac disease are summarized in
Table 1. The multicenter study covered
the same geographic areas of Sweden,
and each of the 5 sites included a
major city with municipalities in the

surrounding suburbs and countryside.
Clinically detected celiac disease (ie, ce-
liac disease diagnosed within routine
clinical care before the study) was
reported at enroliment, and the other
children were screened for celiac dis-
ease. Prevalence comparisons were
based on the same screening protocol.
Informed consent was obtained from all
participating families. The study was
approved by the Regional Ethical Review
Board of Umeé University, Umed, Sweden.

Characteristics of the Study
Population

From the 1993 cohort, 10 041 children
were invited, with 7567 (75%) partici-
pating and 7208 (72%) blood sam-
pled.20 Gorresponding numbers for the
1997 cohort were 8284 invited, with
9712 (69%) participating and 5424
(65%) blood sampled. The larger sam-
ple size in the 1993 cohort was due to
a larger birth cohort in 1993 (Table 1).
The proportion of participating girls
was similar in both cohorts (48% girls
in the 1993 cohort vs 49% girls in the
1997 cohort, P=.99).

Screening Strategy

Blood samples fromall children without
clinically detected disease were ana-
lyzed for serologic markers. Anti-tissue-
transglutaminase antibodies (tTG) of

TABLE 1 Characteristics of the Swedish Birth Cohorts With Respect to Infant Feeding and Celiac

Disease

1993 Birth Cohort 1997 Birth Cohort

No. of children® 117997 90502
Infant feeding recommendation regarding introduction of gluten-

containing foods

From age 6 mo X

In small amounts, from age 4 to 6 mo X
Average daily flour consumption from milk- and cereal-based 38 24

follow-on formulas® (g/child/d)
Proportion of infants breastfed®

4 mo of age (%) 7 83

6 mo of age (%) 63 74
Clinically detected celiac disease (prevalence at 6 y of age)® 5.4/1 000 2.9/1 000

a Statistics Sweden (www.sch.se).
b In children below 2 y of age.!!

¢ Exclusively or partially breastfed. Statistically significant difference between cohorts at both ages (P < .001). National

Board of Health and Welfare (www.socialstyrelsen.se).

d Statistically significant difference between cohorts (P =.008).13
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immunoglobulin A (IgA)-type were de-
termined through enzyme-linked im-
munosorbent assay (Celikey, Phadia
GmbH, Freiburg, Germany), and values
>4 U/mL were considered positive.
Intermediate values for tTG-IgA (2—4
U/mL) were additionally analyzed for
anti-endomysial antibodies (EMA) of
IgA type by indirect immunofluores-
cence technique, with the sample di-
luted to determine the lowest titer with
1:5 dilution as the cutoff for positivity
(The Binding Site, Birmingham, United
Kingdom). Children with tTG <2 U/mL
were classified as noncases. Genotyp-
ing for HLA alleles encoding for DQ2/
DQ8 was performed by oligonucleo-
tide probe hybridization (Eu-DQ test,
Eurhospital SpA, Trieste, Italy). Analy-
ses were performed according to the
manufacturer’s instructions at the
same laboratory; details have been
published previously.19.20

Celiac Disease Case Ascertainment

For those who reported clinically
detected celiac disease, diagnosis was
confirmed by review of histology and
serological markers from the National
Swedish Childhood Celiac Disease
Register'2 and/or medical records.
Among the children screened, all with
positive serological markers were re-
ferred to the nearest pediatric clinic
for a small intestinal biopsy. Biopsies
(4—6 biopsies recommended) were
generally taken from both the duode-
nal bulb and the duodenum distal to
the papilla of Vater. Mucosal specimens
were classified according to the re-
vised Marsh-Oberhuber classifica-
tion.2" All biopsies were subjected to
a second histopathologic evaluation by
1 pathologist blinded to the previous
result. In case of disagreement, a third
pathologist evaluated the biopsy.2

Criteria for a celiac disease diagnosis
were Marsh |ll enteropathy or the
combination of Marsh Il enteropathy,
HLA-DQ2/DQ8 haplotype, symptoms or
signs compatible with celiac disease,?
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and clinical response to a gluten-free
diet.

Ascertainment of Infant Feeding

Differences between the cohorts in in-
fant feeding on population level (Table
1) were ascertained via questionnaires
sent to all participating families and
completed before receiving the
screening result. In total, 67% of the
participants responded with complete
information on breastfeeding duration
and age at gluten introduction.

Statistical Analyses

Our prespecified null hypothesis was
the same total celiac disease preva-
lence in the 2 birth cohorts. The ac-
ceptable limit for a type | error was set
at 5% (a =.05), and for a type Il error, it
was set at 10% (b =.10), corresponding
to a statistical power (1-b) of 90%.
Considering an assumed difference in
prevalence between the cohorts of
0.5%, a sample size of ~5000 partic-
ipants from each cohort was neces-
sary. Prevalence was reported as
cases per 1000 individuals with a 95%
confidence interval (Cl) and percen-
tages. Prevalence comparisons between
cohorts were calculated by using the
traditional log-transformation method
(Open Access program WinPepi 11.8)24
and expressed as prevalence ratios
with a 95% Cl and P values. Gompar-
isons for proportions and medians
were performed by using the X2 test
and the Mann-Whitney U test, re-
spectively. A 95% Cl not including 1.0 or
a 2-tailed Pvalue <.05 was defined as
statistically significant.

RESULTS

Comparison Between Birth Cohorts

The screening procedure, depicted in
Fig 1, revealed a total celiac disease
prevalence of 29 in 1000 in the 1993
cohort, including both clinically and
screening-detected cases? and 22 in
1000 in the 1997 cohort. A significantly
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lower risk for celiac disease in children
born after the celiac disease epidemic
(1997) compared with during the epi-
demic (1993) was observed (preva-
lence ratio: 0.75; 95% Cl: 0.60-0.93;
P = 01; Fig 2). Comparison between
birth cohorts of clinically detected
cases resulted in a prevalence ratio of
0.68 (95% CI: 0.45-1.0; P = .07), which
was not statistically significant. We
found a significantly lower prevalence
of positive serological markers in the
1997 cohort compared with the 1993
cohort (prevalence ratio: 0.74; 95% Cl:
0.58-0.94; P = 01), and the difference
remained in biopsy-verified cases
(prevalence ratio: 0.78; 95% Cl: 0.6—1.0;
P =.06), although it did not reach sta-
tistical significance (Fig 2). There was
no difference between the birth
cohorts in the proportion of clinically
vs. screening-detected cases (30% vs
28% clinically detected cases; P = .99).
Among the clinically detected cases
there was no statistically significant
difference between the cohorts re-
garding median age at diagnosis (1.6
vs 4.3 years; P=34). Considering both
cohorts together, celiac disease was
more common among girls than boys
(prevalence ratio: 1.6; 95% Cl: 1.3-2.0;
P < 001), but the difference was
more pronounced in the 1997 cohort
(prevalence ratio: 1.8 vs 1.4; Table 2).

Screening of the 1993 Gohort

The results from the screening of chil-
dren born during the epidemic (1993)
have been published previously222 for
comparative purposes, the main find-
ings are summarized in Fig 1 and Table 2.
Clinically detected celiac disease was
identified in 66 cases, of which all but 1
had their diagnosis confirmed through
small intestinal biopsy. The nonbiopsied
case had EMA 1/320, family history of
celiac disease, and clinical response to
a glutenfree diet. Positive tTG-IgA
and enteropathy were found in 151
screening-detected cases, all carrying
the HLA-DQ2/DQ8 haplotype (Table 2).
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1993 cohort

179 (2.5%)

66 (0.87%) |

| 217 (2.9%) |

FIGURE 1

Participants

Blood samples

Positive serology

Small intestinal

biopsy
Biopsy-verified
151 (2.1%) screening-detected 89 (1.6%)

celiac disease

Clinically detected
celiac disease

Celiac disease
total prevalence

1997 cohort

5712 |—

n

24
[ 104 (1.9%)

99 (1.8%)

—| 34 (0.60%)

| 123 (2.2%) |

Cross-sectional screenings were performedin 2 birth cohorts investigating the total prevalence of celiac
disease in each cohort. Numbers of children are given inthe boxes, with percentages of the participating
children, or participating children with blood samples, within parentheses.

Screening of the 1997 Gohort

Clinically detected celiac disease, as-
certained by smallintestinal biopsy, was
identified in 34 cases, of which 22 were
girls and 12 were boys, corresponding

to a prevalence of 6.0 in 1000 (95% Cl:
41-8.3; Fig 1). Positive serological
markers were found in 104 children
(Table 2), which corresponds to a
prevalence of 19in 1000 (95% Cl: 16—23).

Small intestinal biopsies and mucosal
evaluation were performed in 99 chil-
dren (95%). Five families declined ad-
ditional investigation. We identified 89
children who fulfilled the diagnostic
criteria (Table 2). The prevalence of
biopsy-verified screening-detected ce-
liac disease was 16in 1000 (95% Cl: 13—
20). The total celiac disease prevalence
in the 1997 cohort was 22 in 1000 (95%
Cl: 18—26; Fig 2), with a prevalence of 28
in 1000 (95% Cl: 22—35) among girls
and a prevalence of 15 in 1000 (95% Cl:
11-20) among boys. All successfully
genotyped screening-detected cases
(99%) carried the HLA-DQ2/DQ8 haplo-
type (Table 2).

Infant Feeding in the Study
Population

Duration of breastfeeding was 7 and 9
months in the 1993 and 1997 cohort,
respectively (P << .001), which is in
agreement with the proportion of
infants breastfed at 6 months of age
in the Swedish population (Table 1).
Median age at gluten introduction was
5 months in both cohorts; neverthe-
less, the proportion of infants with

Il Cohort of 1993

[T Cohort of 1997

W\ Biopsy-verified screening
detected celiac disease cases

40+ P=0l
P=.01
)
< 204
L]
o
=
Q
=
B oo P=07
0.0 —li ,
Clinically Positive Total prevalence
= detected serology
- it
o 1.0+
)
=
E 081
2
e 4
8 0.6
=
5
=
g als
2 044
&=

FIGURE 2

Prevalence comparisons of clinically detected celiac disease, positive serological markers, and total celiac disease prevalencein childrenborn 1993 and 1997. A
statistically significant lower celiac disease prevalence was found in the 1997 cohort.
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TABLE 2 Screening outcome and celiac disease ascertainment in 2 birth cohorts of 12-y-olds.

1993 Cohort® n (%)

1997 Cohort n (%)

Positive serological markers
tTG-IgA >4 U/mL
tTG-IgA 2—4 U/mL and EMA-IgA >1:5
Total
Girls
Small intestinal biopsy evaluation
Marsh Il
Marsh II
Marsh | and symptoms/signsb
Noninterpretable
Total number of cases
Girls
HLA genotyping
DQ2
DQ2/DQ8
DQ8
Non-DQ2/DQ8
Not available

167 (89) 85 (82)
20 (11) 19 (18)
187 104
100 68
139 (92) 88 (99)

2 (1.3) 0
9 (6.0) 1(1.0°
1(0.7)¢ 0
151 89
80 57
113 (75) 71 (80)
23 (15) 8 (9.0)
15 (9.9) 9 (10)
0 0
0 1(1.0°

a Data published previously.20.22

b Symptoms/signs include gastrointestinal complaints, tiredness, deviation in weight and/or height, heredity for celiac

disease, anemia, and autoimmune disorders.

¢ Diagnosis based on tTG 3 U/mL, EMA 1/10, Marsh | enteropathy in combination with stomachache.
d Diagnosis based on tTG >100 U/mL because the biopsy was noninterpretable, but parents declined rebiopsy. After gluten-

challenge: oral rhagades and additional tTG >100 U/mL.

¢ Diagnosis based on tTG >100 U/mL and Marsh IIl enteropathy.

breastfeeding continuing beyond glu-
ten introduction was significantly
larger in the later cohort (70% vs 78%
in the 1993 and 1997 cohort, respec-
tively, P < .001). Comparable infant
feeding patterns were observed for the
celiac disease cases and the respective
study population in each cohort (data
not shown).

DISCUSSION

In 2 cohorts differing in infant feeding,
we found a significantly lower celiac
disease prevalence in the 1997 cohort
compared with the 1993 cohort
(2.2% vs 2.9%; P = .01, Fig 2). Our find-
ings suggest that infant feeding affects
the risk of developing celiac disease,
at least up to the age of 12 years.

Ourscreening verifiesthatthe epidemic
patterninceliac diseaseincidence seen
in Sweden between 1984 and 199611.13
represents a change in disease occur-
rence and not only a change in clinical
presentation (Fig 2). Previous studies
have indicated that infant feeding
affects the clinical presentation and/or

PEDIATRICS Volume 131, Number 3, March 2013

age at disease onset2526 Although
infant feeding appears to affect disease
occurrence, we did not observe a sta-
tistically significant difference in age at
diagnosis in the clinically detected
cases. However, the study was designed
for comparison of the total celiac dis-
ease prevalence, and therefore we
probably did not have enough power to
perform subgroup comparisons.

The beginning and the end of the
Swedish epidemic of celiac disease
were preceded by changes in infant
feeding recommendations (more specif-
ically, regarding the age for introduction
of gluten-containing complementary
foods). The changes were implemented
through the well-baby clinics that are
attended by almost all infants (99%)
(www.socialstyrelsen.se). In 1982, the
recommendation was changed by
postponing the introduction from 4
until 6 months of age, and in 1996 the
recommendation was revised again,
now recommending that gluten could
be introduced from 4 months of age.
From the questionnaires completed
before knowledge of the screening
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results, no difference in age at gluten
introduction could be observed. How-
ever, the recall time was 12 years. Re-
call bias should not be more prevalent
in one of the cohorts compared with
the other, and thus nondifferential
misclassification bias pulls the result
toward null, underestimating or even
concealing a potential difference. Our
previous case-referent study per-
formed during the epidemic showed
that ~70% of the parents followed the
recommendations at that time. Corre-
spondingly, on the basis of a Swedish
cohort of children born after the epi-
demic,2” ~60% of the parents followed
the revised recommendation. Taken
together, there might have been a dif-
ference in age at gluten introduction,
albeit nondetectable after 12 years.
Nonetheless, we found a difference
between the cohorts in the proportion
of infants being introduced to gluten
during ongoing breastfeeding, proba-
bly a combined effect of the revised
infant feeding recommendation and
the increase in duration of breast-
feeding (Table 1). Concurrently, but in-
dependent of the revised feeding
recommendations, the gluten content
of Swedish milk and cereal-based
follow-on formulas was first sub-
stantially increased and later de-
creased again (Table 1).1" The current
Swedish infant feeding recommenda-
tion, revised as a result of the celiac
disease epidemic, entails both the
aspects of gluten introduction in small
amounts and concomitant breastfeed-
ing. Our findings suggest that this is
favorable with respect to celiac dis-
ease risk. In both European and US in-
fant populations, equivalent infant
feeding practices were recently rec-
ommended.28-31

The hypothesis that early exposures
influence celiac disease development
is supported by our previous pilot
screening study, performed on the
same birth cohorts, suggesting

e691
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a difference in celiac disease preva-
lence as early as 2.5 years of age.52 Oral
tolerance to an antigen develops early
in life, and celiac disease can be viewed
as a failure to develop oral tolerance to
gluten, or a later loss of this tolerance.
The development of oral tolerance is
a complex immunologic process in-
volving interactions between genetic
factors and environmental and lifestyle
exposures, such as bacterial gut colo-
nization and infant feeding.'8:33

Breastfeeding has beenassociated with
reduced risk for several autoimmune
diseases and for allergy.2® With respect
to celiac disease, we have previously
shown a protective effect of concomi-
tant breastfeeding and introduction
of gluten-containing complementary
foods,™ an effect also seen in other
studies but not in all.'®'" The current
study suggests that this protective ef-
fect prevails up to 12 years of age.
Introducing gluten during ongoing
breastfeeding may increase the chance
of developing oral tolerance through
immune-modulating factors in breast
milk and/or influence on the gut mat-
uration and colonization.33 Differences
in the microbiota composition between
formula-fed and breastfed infants have
been shown, which might involve an
increased celiac disease risk because
differences in gut microbiota between
individuals with and without celiac
disease have been reported.3+35 Fur-
thermore, breastfeeding has been as-
sociated with a reduced risk of
gastrointestinal infections,2® an addi-
tional risk factor for celiac disease.

Age at gluten introduction might be
important because it influences the
proportion of infants still breastfed at
that time and/or there might be a cer-
tain age interval that provides a “win-
dow of opportunity” with respect to
developing oral tolerance.'83% This
window has been suggested to occur
between 4 and 6 months of aged’;
however, evidence concerning the
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most favorable age to introduce gluten
is still inconclusive. Whether age be-
tween 4 and 6 months is preferable for
gluten introduction, in contrast to glu-
ten avoidance until 12 months of age, is
under investigation in a prospective
intervention study. At the 36-month
follow-up, the results suggested that
delaying gluten introduction delays the
celiac disease onset but does not pre-
vent disease development.'?

We have previously shown an increased
celiac disease risk associated with
gluten consumption in larger com-
pared with smaller amounts 2 weeks
after its introduction,' and this is sup-
ported by our current findings because
the cohorts differed in the amount of
gluten ingested during weaning (Table 1).
In agreement, a correlation between
national celiac disease prevalence and
wheat consumption has been shown,8
and celiac disease cases seemto react to
gluten ingestion in a dose-response
fashion.383° Thus, the evidence to date
suggests that the amount of gluten
ingested during its introduction affects
the possibility of developing oral toler-
ance. This is undergoing further in-
vestigation in an ongoing randomized
controlled trial.1®

In both study cohorts, we invited nearly
10% of the total Swedish birth cohort,
and the study sites were selected to
represent the country from north to
south. Participation rate was high in
both cohorts with only marginal dif-
ferences between the sites. The pop-
ulations in the sites had similar
consumption of health resources per
capita and unemployment rates as the
national population (www.scb.se). For
these reasons, we consider the samples
representative. The screening-detected
cases were ascertained by small in-
testinal biopsies and HLA-DQ testing. We
used criteria for celiac disease that also
included minor enteropathy (Marsh I-1).
However, restricting the diagnostic
criteria to villous atrophy (Marsh 1lI),

as proposed in the recent European
guidelines,* did not alter the conclu-
sion (prevalence ratio, 0.79; 95% Cl:
0.63-0.98; P=.03). The cohorts differed
in infant feeding, as shown on a pop-
ulation level and ascertained through
questionnaires. Because the infant
feeding exposure pattern changed in
the whole population, the proportion of
children with the proposed worst
combination (large amounts of gluten
after discontinued breastfeeding) de-
creased, which could be associated
with the reduced prevalence in the
1997 cohort. Thus, although the “Swedish
population experiment” was not plan-
ned, it has many characteristics of an
intervention study, and the relationship
between infant feeding and celiac dis-
ease risk can thus be evaluated on
a population level.

Inthe current study, we have a relatively
long follow-up (12 years). It could be
hypothesized that exposure after the
infant period resulted in the difference
in celiac disease prevalence now
shown. However, a difference was al-
ready suggested at 2.5 years of age,32
and the screenings were performed
only 4 years apart (2005—-2006 and
2009-2010). To our knowledge, there
has not been any major change in
environmental- or lifestyle factors dur-
ing this period, with the exception of
infant feeding. In general, the parallel
increase in the prevalence of many
autoimmune diseases, as well as
allergy,'841 suggests a gradual change
in the environment during recent dec-
ades with respect to these diseases,
resulting in increased disease risk.
This could explain the relatively high
celiac disease prevalence also revealed
in the 1997 cohort (2.2%), but not the
significant reduction compared with the
1993 cohort (2.9%).

CONCLUSIONS

Celiac disease occurs worldwide, with
increasing prevalence in several
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countries 42042 Gonsequently, the dis-
ease represents a growing public health
problem and preventive strategies are
warranted. We have shown a reduced
prevalence of celiac disease in 12-
year-olds born in 1997 compared with
1993, indicating that celiac disease
can be avoided in some genetically
predisposed children, at least up to 12
years of age. Our findings suggest that
the infant feeding recommendation (to
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