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abstract

BACKGROUND AND OBJECTIVES: Prevalence

rates of type 1 diabetes (T1D) and celiac disease (CD) vary
from 1.6% to 16.4% worldwide. Screening guidelines are variable and not evidence based. Our
aim was to conduct a systematic review of CD in T1D.
Medline, Embase, and the Cochrane Library were searched. Studies were limited to
those in English and in humans. We selected longitudinal cohort studies screening for CD in
T1D with at least 5 years of follow-up. Screening rates, characteristics, and prevalence of
biopsy-proven CD in people with T1D were extracted.

METHODS:

RESULTS: We identiﬁed 457 nonduplicate citations; 48 were selected for full-text review. Nine
longitudinal cohort studies in 11 157 children and adolescents with 587 cases of biopsyproven CD met the inclusion criteria. Median follow-up was 10 years (range: 5–18 years). The
weighted pooled prevalence of CD was 5.1% (95% conﬁdence interval: 3.1–7.4%). After
excluding 41 cases with CD onset before T1D, CD was diagnosed in 218 of 546 (40%) subjects
within 1 year, in 55% within 2 years, and in 79% within 5 years of diabetes duration. Two
studies (478 cases) reported higher rates of CD in children aged ,5 years at T1D diagnosis.
The duration of follow-up varied across the included studies. CD screening frequency
progressively decreased with increased T1D duration.
CONCLUSIONS: Because

most cases of CD are diagnosed within 5 years of T1D diagnosis, screening
should be considered at T1D diagnosis and within 2 and 5 years thereafter. CD screening
should be considered at other times in patients with symptoms suggestive of CD. More
research is required to determine the screening frequency beyond 5 years of diabetes
duration.
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The association between type 1
diabetes (T1D) and celiac disease
(CD) is well documented in young
people, although reported rates vary.
Prevalence rates from both crosssectional and longitudinal studies
range from 1.6% to 16.4%
worldwide,1–5 with the majority of
studies only including children and
adolescents. In contrast, CD
prevalence is 0.3% to 1.0% in the
general population of all ages.6
A greater risk is conferred by female
gender,1,7 younger age, and, in type 1
diabetes, younger age at diabetes
diagnosis.7,8
Recognized adverse effects of
untreated CD include iron deﬁciency,
anemia, growth retardation, and
osteoporosis.9 In T1D, undiagnosed
CD may be associated with unstable
blood glucose levels, a greater risk of
hypoglycemia,10 and increased risk of
retinopathy.11 In those with
conﬁrmed CD and T1D, nonadherence
to a gluten-free diet (GFD) is
associated with early elevation of
albumin excretion rate,12 whereas CD
duration .10 years, irrespective of
GFD adherence, is a risk factor for the
development of diabetic
retinopathy.13 Other clinical
improvements associated with GFD
compliance, including weight z scores,
hemoglobin, and serum ferritin, have
been reported,14 as well as height z
scores and the reversal of irondeﬁciency anemia.15 In contrast,
noncompliance with a GFD was
associated with lower total bone
mineral density, lower volumetric
lumbar spine z score, higher bone
turnover, lower vitamin D, and lower
ferritin.16 The rationale for CD
screening is to prevent these adverse
effects and complications, and to
maximize growth. Because
seroconversion from negative to
positive CD autoantibodies can occur
beyond 10 years of diabetes
duration,17 repeated screening for CD
is necessary.
Despite the well-recognized increased
risk of CD in T1D and the potential for

increased morbidity, there are no
systematic reviews examining the
incidence of CD or optimal screening
frequency for CD in T1D.
Contemporary guidelines for T1D
recommend screening by
measurement of tissue
transglutaminase (TTG) or antiendomysial antibodies (EMAs).18–20
Recommendations for screening
frequency are variable and not
evidence based. The International
Society for Pediatric and Adolescent
Diabetes recommends screening at
the time of diagnosis and every 1 to
2 years thereafter, with more
frequent assessment if clinically
indicated or if there is a ﬁrst-degree
relative with CD,18 whereas the
American Diabetes Association
recommends considering CD
screening soon after diabetes
diagnosis and in those with clinical
symptoms suggestive of CD.20 In
view of these variable
recommendations, we systematically
reviewed the epidemiology of CD in
people with T1D to inform screening
guidelines.

METHODS

individuals with T1D, and no reports
of screening frequency. The diagnosis
of T1D was based American Diabetes
Association criteria,21 and CD was
conﬁrmed by small bowel biopsy.

Data Sources and Searches
Two reviewers (A.P.-S. and H.P.)
independently searched Medline,
Embase, and the Cochrane Library
from 1946 to November 30, 2014, for
studies of celiac autoimmunity and
biopsy-proven CD in people with T1D.
Search terms were as follows:
“Diabetes Mellitus, type 1/or diabetes
mellitus, type 1.mp,” “celiac disease or
celiac disease.mp,” “celiac sprue or
celiac sprue.mp,” “celiacs or coeliacs.
mp,” “silent celiac or silent celiac.mp,”
“asymptomatic celiac or
asymptomatic celiac.mp,” “subclinical
celiac or subclinical celiac.mp,”
“gluten sensitive enteropathy.mp or
exp celiac disease,” “reticulin.mp or
exp Reticulin,” “gliadin.mp or exp
Gliadin,” “endomysial or endomysium.
mp,” “tissue transglutaminase.mp,”
“antireticulin.mp,” “antigliadin.mp,”
“antiendomysial.mp,” and
“antiendomysium.mp.” We also
performed manual searches through
article reference lists.

Study Aims
There are 2 speciﬁc aims of this
review. First, we systematically
reviewed the epidemiology of biopsyproven CD in people with T1D, with
subgroup analysis by age, gender, and
duration of diabetes. Our second
speciﬁc aim was to examine the risk
of CD in people with T1D, at diagnosis
and at speciﬁc time intervals after
diagnosis, to determine the optimal
frequency of screening.

Study Selection
Inclusion criteria were longitudinal
cohort studies that screened for CD
by using either EMAs and/or TTG in
children, adolescents, or adults with
T1D at least twice. Only studies in
humans and reported in the English
language were included. Exclusion
criteria were studies other than
longitudinal cohort studies, not in

Data Extraction and Quality
Assessment
Two reviewers independently
extracted data from the included
studies. For each individual study,
data were collected regarding study
design, country, population and size,
duration of follow-up, age at CD
diagnosis, age at diabetes diagnosis,
gender, diagnostic test(s) performed,
frequency of screening, small bowel
biopsy results, and prevalence rates.
Reports of CD-related symptoms
around the time of CD diagnosis were
also collated. Study quality was
assessed by using the NewcastleOttawa quality assessment scale for
cohort studies.22 This scale evaluates
3 areas, selection, comparability
(confounding factors), and outcome
(assessor blinding and follow-up),
giving a possible total score of 9, with
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a score of .7 indicating good
methodologic quality. Corresponding
authors of included studies were
contacted to request additional data
when applicable.

Data Synthesis and Analysis
Meta-analysis of prevalence rates for
CD was conducted by using a qualityeffects model, which takes into
account differences in study quality in
the estimation of weighted pooled
prevalence.23 Incidence density,
which provides an estimate of
incident cases of CD during
a speciﬁed time period, was
calculated as the total number of
diagnosed cases divided by the
number of patients screened during
follow up (n = 4839, 8789, and 20
299 at 1, 2, and 5 years, respectively).
Incidence is reported per 1000
patient-years, with 95% conﬁdence
intervals estimated assuming
a Poisson distribution. Statistical
analyses were performed by using
Stata, version 13 (StataCorp, College
Station, TS), and meta-analysis of
prevalence was conducted by using
MetaXL (Epigear, Brisbane
Australia).23

FIGURE 1
Flowchart showing the number of citations retrieved by individual searches and number of studies
included in the review.

Deﬁnition of T1D
Three studies provided a deﬁnition of
T1D8,17,28 or reported the presence of
islet autoantibodies.8,17

Prevalence of Biopsy-Proven CD
RESULTS
The initial search returned a total of
605 citations. After review of abstracts
and full texts, 596 studies were
excluded (Fig 1), leaving 9 cohort
studies that met the inclusion
criteria.1,7,8,17,24–28 The studies were
from Europe (n = 7) and Australia (n =
2). Study characteristics are
summarized in Table 1. They included
a total of 11 157 young people
diagnosed with T1D #21 years of age
(range: 0.6–21.0 years). The overall
methodologic quality of the studies
was fair, with 4 of 9 studies (44%)
scoring $7 on the Newcastle-Ottawa
Scale.8,24,26,27 No adult studies were
identiﬁed. There were a total of 587
cases of coexisting biopsy-proven CD
and T1D, and of these, 41 were
diagnosed before T1D. Median followup after diabetes diagnosis was
10 years (range: 5–18 years).

Prevalence was reported by all
studies and varied from 1.6% to 9.7%
(Fig 2). CD was reported in 587 of 11
157 children and adolescents with
T1D; a meta-analysis of prevalence
using the quality-effects model was
5.1% (95% conﬁdence interval:
3.1–7.4%). CD was diagnosed in 41
cases before diabetes diagnosis (7%
of all CD cases), and these cases were
excluded from further analysis.

Incidence and Incidence Density
Two Australian studies8,17 reported
the incidence of biopsy-proven CD
per 1000 person-years, with similar
rates: 7.2 (1990–1996)17 and 7.7
(1990–2009).8 For 6 studies,7,8,24–27
the number of patients screened per
year of diabetes duration was
available, enabling incidence density
to be calculated (Table 2). Incidence
density was 43.4 per 1000 patient-

years at 1 year, 32.8 at 2 years, and
20.1 at 5 years (Table 3). This ﬁnding
indicates that the rate of CD was
highest within the ﬁrst year after
diagnosis of T1D. The incidence
density rates decreased signiﬁcantly
between the 3 time points: year 2
compared with year 1 (P = .002) and
year 5 compared with year 2 (P ,
.001).

Seroconversion
Five studies reported seroconversion
to positive EMAs and/or TTG after
diabetes diagnosis1,17,24,25,27; time to
seroconversion ranged from 2 years1
to 10.2 years.17 The other 4 studies
reported time between CD and T1D
diagnosis, without providing
information on seroconversion.

Association Between CD, Gender, and
Age
Seven studies reported CD prevalence
by gender,1,7,8,17,25,26,28 and of these,
the prevalence was higher in girls in 2
studies (67% and 61%),1,7 higher in
boys in 3 studies (range:
64–69%),25,26,28 and not different in
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TABLE 1 Characteristics of Included Studies Screening for CD in T1D
First Author,
Year

Country

Study Design

Number
Screened

CD
Prevalence,
%

Barera,
200224

Italy

Prospective

Cerutti,
20047
Crone,
200325
Glastras,
200517

Italy
Austria

Followup, y

Age at CD
Diagnosis,a y

274

6.2

6

NR

8.3 6 4.6

Retrospective

4322

6.8

10

7.2 6 4.3

5.5 6 3.7

Longitudinal

157

5.1

8

NR

NR

Australia Prospective

173

4.6

13

NR

NR

Larsson,
200826
Pham-Short,
20128

Sweden

Prospective

300

9.7

5

11.1

6.5

Australia Prospective

4379

4.2

$10

9.6 6 3.7

6.6 6 4.0

Poulain,
20071
Salardi,
200827

France

Retrospective

950

1.6

.10

9.4 6 4.8

6.0 6 4.2

Italy

Prospective

331

6.6

18

NR

NR

Uibo, 201028

Estonia

Prospective

271

4.1

6

9.9 (range: 3.1–16.2)

NR

Age at
Screening Test
Diabetes
Diagnosis, y

Screening
Frequency

EMA IgA; if IgA At diagnosis and
deﬁcient, IgG
annually
EMAs and
AGAs
IgA/IgG AGAs
Annually
and/or EMAs
EMAs
2–3 times yearly
EMAs and/or
AGAs

NewcastleOttowa
Scale
7

6
5

At diagnosis,
1–3 times
yearly
thereafter
IgA EMAs
At diagnosis,
then annually
IgA EMAs and/ At diagnosis 1–2
or IgA TTG
times yearly
thereafter
EMA and or TTG
NR

6

EMA

8

At diagnosis and
then every
6–12 mo
IgA EMA and IgA
NR
TTG

6

8
8

6

AGA, anti-gliadin antibody; NR. not reported.
aData are presented as means 6 SDs or medians (range)NR not reported

2 studies8,17 Six studies reported CD
prevalence by age at diabetes
diagnosis,7,8,17,24,26,28 2 studies
reported an association between
younger age (,5 years) at T1D
diagnosis and development of CD,7,8
with 1 study noting a tendency
toward younger age at diabetes
diagnosis, although the relationship
was not statistically signiﬁcant.26

Three studies reported no
relationship with age at diabetes
diagnosis.17,24,28

Association Between CD and
Diabetes Duration
Of the 546 CD cases diagnosed after
diabetes, 40% were within 1 year of
diabetes, 55% within 2 years, and
79% within 5 years of diabetes

diagnosis. The proportion of patients
screened decreased from 50% at
the end of year 1, to 35% (P , .001)
at the end of year 5, and 12% at the
end of year 10.

Symptomatology
Five studies reported data on
CD-related symptoms and signs
(gastrointestinal, short stature,
anemia, or asymptomatic; n =
308),1,7,25,28,29 with 85% of cases
asymptomatic at the time of CD
diagnosis.

Recommendations for Screening

FIGURE 2
Prevalence of CD in T1D. The forest plot shows unadjusted prevalence estimates (boxes) and pooled
prevalence (diamond) with 95% conﬁdence intervals (bars).

The majority of studies (7 of 9)
recommended screening for CD at
least once in people with
T1D.1,7,8,17,24–26 Four studies
recommended screening at diabetes
onset,1,8,24,26 whereas follow-up
screening recommendations were
variable in frequency and duration,
ranging from annually for at least
2 years26 up to an unspeciﬁed
duration of diabetes (described as
several years).1,17,24
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TABLE 2 Number of New CD Cases Diagnosed in Relation to T1D Duration
Total CD cases in study
Before diabetes diagnosis
Within 1 year of diabetes diagnosis
Within 1–2 years of diabetes diagnosis
2 to ,5 years after diabetes diagnosis
5–10 years after diabetes diagnosis
More than 10 years after diabetes diagnosis

DISCUSSION
In this systematic review of 9
longitudinal cohort studies involving
11 157 children and adolescents with
T1D, of whom 587 had biopsy-proven
CD, the prevalence of CD varied from
1.6% to 9.7%, with a weighted pooled
prevalence of 5.1%. Incidence density
at 1, 2, and 5 years of diabetes
duration was 43.4, 32.8, and 20.1 per
1000 patients-years, respectively,
indicating that the risk of CD is
highest within the ﬁrst year of
diabetes duration. Because 55% of
cases were diagnosed within 2 years
and 79% within 5 years of diabetes
duration, screening should be
considered at diabetes diagnosis and
within 2 and 5 years after diagnosis.
Because of limited evidence from
long-term studies, it is not possible to
recommend the screening frequency
beyond 5 years of diabetes duration.
However, among the studies with
longer follow-up, 16% of CD cases
were diagnosed between 5 and
10 years of diabetes duration and 5%
were diagnosed after .10 years. CD
should be considered at any time in
patients with symptoms suggestive
of CD.

Prevalence of CD in T1D
There was considerable variation in
the prevalence of CD across the 9
included studies. Possible
explanations for this heterogeneity

Number

Proportion, %

587
41
220
78
135
89
25

7
37
13
24
15
4

include ethnic differences across the
study populations, which is likely to
reﬂect the greater risk of CD among
individuals with high-risk HLA
antigen genotypes,30 as well as the
varying impact of environmental
inﬂuences across different
countries.31 Our ﬁnding of the highest
prevalence rate in Sweden (9.7%) is
in keeping with the The
Environmental Determinants of
Diabetes in the Young (TEDDY) study,
which recently reported a higher risk
of CD in Swedish children compared
with those in the United States,
Finland, and Germany.31 The
variation in prevalence rates may also
be related to differences in study
design, including retrospective versus
prospective, the frequency of
screening, and duration of follow-up.
To address this issue, we chose to use
a quality-effects model in the metaanalysis of prevalence,23 which
accounts for study quality in the
estimation of pooled prevalence.

Clinical Importance of CD Screening
in T1D
It is notable that 85% of cases
presented asymptomatically in this
review. Although the merits of early
diagnosis may be argued,32 especially
in those with a milder disease
phenotype,33 compliance to a GFD in
those with biopsy-proven CD may
improve clinical variables such as

TABLE 3 Pooled Incidence Density of CD in Young People With T1D
Year 1
Year 2
Year 5

Population Screened

Biopsy-Proven CD Cases

Incidence per 1000 Patient-Years (95% CI)

4839
8789
20 299

210
288
407

43.4 (37.8–49.5)
32.8 (29.2–36.7)
20.1 (18.2–22.1)

Incidence was calculated from available data in 6 publications.7,8,24–27 Year 2 versus year 1, P = .002; year 5 versus year 2,
P , .001. CI, conﬁdence interval.

weight and serum ferritin.14
Improvements in quality of life and
depression scores have been reported
1 year after CD diagnosis.34 In
contrast, nonadherence to a GFD has
been associated with elevated
albumin excretion rate,12 lower bone
mineral density, lower vitamin D, and
lower ferritin14 in youth with
coexisting CD and T1D. These clinical
and psychological improvements
support routine CD screening in T1D
and highlight the importance of
adherence to a GFD to prevent
complications of untreated CD.

Strengths and Weaknesses
This is the ﬁrst systematic review, to
our knowledge, to examine screening
for CD in T1D to determine the
optimal screening frequency. The
strengths of this review are the large
sample size and long observation
period, providing representative data
on the epidemiology in T1D across
different countries. Our analysis is
limited by the variable follow-up
periods across the studies, as well as
missing data on the number of
patients screened throughout each
year of diabetes duration. The
frequency of antibody screening for
CD progressively decreased with
increased duration of diabetes, which
is likely to have led to an
underestimate of incidence and
prevalence.
There are various factors associated
with the systematic review process
that may inﬂuence our ﬁndings.
Although predetermined selection
criteria were implemented to ensure
an unbiased selection, we sought to
minimize this bias by placing no
limitations on the basis of age;
however, the lack of adult studies
identiﬁed may inﬂuence the
generalizability of our results beyond
the pediatric age range. Another
potential weakness is that the
populations of the included studies
were predominantly of European
descent, whereas no studies from
other regions such as North America
and the Middle East met the eligibility
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criteria. The reduced screening
frequency between years 2 and 5
coincided with reduced prevalence
and incidence rates; however, we
estimate that this would not have
signiﬁcantly inﬂuenced case detection
rates had the screening rate been
maintained at 50% between 2 and 5
years. Furthermore, some studies did
not provide sufﬁcient information to
be able to calculate incidence
density,1,17,28 and thus our reported
values are conservative.

Screening in Adults
No longitudinal adult studies
examining the screening frequency of
CD in T1D were identiﬁed. However,
a retrospective study in 118 adults
with T1D and CD35 found that 48% of
those diagnosed with T1D after age
18 years reported CD symptoms for
.5 years before CD diagnosis, in
contrast to the group whose diabetes
was diagnosed in childhood, with
a majority (59%) reporting CDrelated symptoms for ,6 months
before CD diagnosis. Prospective
studies are required in adults to
determine the optimal frequency of
screening.

Implications for Clinical Practice
On the basis of our systematic review
of data from cohort studies, more
than half of CD cases were diagnosed
within 2 years of diabetes duration,
with most cases diagnosed within the
ﬁrst 5 years after diabetes diagnosis.
The contemporaneous diagnosis of
both conditions most likely describes
the diagnosis of preexisting CD not
previously recognized and may reﬂect
the high background risk of the
population studied.30 Although CD
can be diagnosed beyond 10 years
after diabetes diagnosis, more
research is required to establish the
optimal screening frequency beyond
5 years of diabetes duration as well as
the optimal screening frequency in
adults with T1D. The impact of
gender, age at diabetes diagnosis, and
diabetes duration on CD development
is unclear. In patients with clinical

symptoms such as growth failure,
weight loss, and frequent unexplained
hypoglycemia, or those with a ﬁrstdegree relative with CD, screening for
CD should be considered irrespective
of diabetes duration.18,36 Although
not examined in this review, it should
be noted that screening for
immunoglobulin (Ig) A deﬁciency
(prevalence: 1:500) is recommended
in recent guidelines18 due to the risk
of a false-negative TTG result, and if
present, then IgG-speciﬁc antibody
tests (TTG or EMA IgG or both)
should be performed.18,19

3. Al-Hussaini A, Sulaiman N, Al-Zahrani M,
Alenizi A, El Haj I. High prevalence of
celiac disease among Saudi children
with type 1 diabetes: a prospective
cross-sectional study. BMC
Gastroenterol. 2012;12:180

Future Directions

6. Bai JC, Fried M, Corazza GR, et al. World
Gastroenterology Organisation global
guidelines: celiac disease. 2012.
Milwaukee, WI: World Gastroenterology
Organisation. Available at: www.
worldgastroenterology.org/assets/
export/userﬁles/2012_Celiac%
20Disease_long_FINAL.pdf. Accessed
April 14, 2015

This systematic review shows an
elevated risk of CD in people with
T1D, particularly in the early course
of disease. We were unable to
examine the effect of gender and age
at diabetes diagnosis on CD
development, highlighting the need
for prospective cohort studies
beyond 5 years of diabetes duration
as well as those that report on the
impact of annual CD screening and
with the inclusion of adults to
further quantify the frequency of CD
screening in T1D.

ABBREVIATIONS
CD: celiac disease
EMA: anti-endomysial antibody
GFD: gluten-free diet
Ig: immunoglobulin
T1D: type 1 diabetes
TTG: tissue transglutaminase

REFERENCES
1. Poulain C, Johanet C, Delcroix C, LévyMarchal C, Tubiana-Ruﬁ N. Prevalence
and clinical features of celiac disease in
950 children with type 1 diabetes in
France. Diabetes Metab. 2007;33(6):
453–458
2. Boudraa G, Hachelaf W, Benbouabdellah
M, Belkadi M, Benmansour FZ, Touhami
M. Prevalence of coeliac disease in
diabetic children and their ﬁrst- degree
relatives in west Algeria: screening with
serological markers. Acta Paediatr
Suppl. 1996;s412(85):58–60

4. Baptista ML, Koda YKL, Mitsunori R, Nisihara
, Ioshii SO. Prevalence of celiac disease in
Brazilian children and adolescents with
type 1 diabetes mellitus. J Pediatr
Gastroenterol Nutr. 2005;41(5):621–624
5. Djuric Z, Stamenkovic H, Stankovic T,
et al. Celiac disease prevalence in
children and adolescents with type 1
diabetes from Serbia. Pediatr Int. 2010;
52(4):579–583

7. Cerutti F, Bruno G, Chiarelli F, Lorini R,
Meschi F, Sacchetti C; Diabetes Study
Group of the Italian Society of Pediatric
Endocrinology and Diabetology. Younger
age at onset and sex predict celiac
disease in children and adolescents with
type 1 diabetes: an Italian multicenter
study. Diabetes Care. 2004;27(6):
1294–1298
8. Pham-Short A, Donaghue KC, Ambler G,
Chan AK, Craig ME. Coeliac disease in
type 1 diabetes from 1990 to 2009:
higher incidence in young children after
longer diabetes duration. Diabet Med.
2012;29(9):e286–e289
9. Matysiak-Budnik T, Malamut G, de Serre
NP, et al. Long-term follow-up of 61
coeliac patients diagnosed in childhood:
evolution toward latency is possible on
a normal diet. Gut. 2007;56(10):
1379–1386
10. Mohn A, Cerruto M, Iafusco D, et al.
Celiac disease in children and
adolescents with type I diabetes:
importance of hypoglycemia. J Pediatr
Gastroenterol Nutr. 2001;32(1):37–40
11. Leeds JS, Hopper AD, Hadjivassiliou M,
Tesfaye S, Sanders DS. High prevalence
of microvascular complications in adults
with type 1 diabetes and newly
diagnosed celiac disease. Diabetes Care.
2011;34(10):2158–2163

Downloaded from www.aappublications.org/news by guest on October 18, 2019
PEDIATRICS Volume 136, number 1, July 2015

e175

12. Pham-Short A, C Donaghue K, Ambler G,
et al. Early elevation of albumin
excretion rate is associated with poor
gluten-free diet adherence in young
people with coeliac disease and
diabetes. Diabet Med. 2014;31(2):208–212
13. Mollazadegan K, Kugelberg M, Montgomery
SM, Sanders DS, Ludvigsson J, Ludvigsson
JF. A population-based study of the risk of
diabetic retinopathy in patients with type 1
diabetes and celiac disease. Diabetes Care.
2013;36(2):316–321
14. Hansen D, Brock-Jacobsen B, Lund E,
et al. Clinical beneﬁt of a gluten-free diet
in type 1 diabetic children with
screening-detected celiac disease:
a population-based screening study with
2 years’ follow-up. Diabetes Care. 2006;
29(11):2452–2456
15. Sanchez-Albisua I, Wolf J, Neu A, Geiger H,
Wäscher I, Stern M. Coeliac disease in
children with type 1 diabetes mellitus:
the effect of the gluten-free diet. Diabet
Med. 2005;22(8):1079–1082
16. Simmons JH, Klingensmith GJ, McFann K,
et al. Celiac autoimmunity in children
with type 1 diabetes: a two-year followup. J Pediatr. 2011;158(2):276–281, e1
17. Glastras SJ, Craig ME, Verge CF, Chan AK,
Cusumano JM, Donaghue KC. The role of
autoimmunity at diagnosis of type 1
diabetes in the development of thyroid
and celiac disease and microvascular
complications. Diabetes Care. 2005;28(9):
2170–2175
18. Kordonouri O, Klingensmith G, Knip M,
et al. Other complications and diabetesassociated conditions in children and
adolescents. Pediatr Diabetes. 2014;15
(suppl 20):270–278
19. Craig ME, Twigg SM, Donaghue KC, et al;
Australian Type 1 Diabetes Guidelines
Expert Advisory Group. National
evidence-based clinical care guidelines
for type 1 diabetes in children,

adolescents and adults. Canberra,
Australia: Australian Government
Department of Health and Ageing; 2011
20. American Diabetes Association.
Standards of medical care in diabetes—
2015. Diabetes Care. 2015;38(supp 1):
S1–S94
21. American Diabetes Association.
Diagnosis and classiﬁcation of diabetes
mellitus. Diabetes Care. 2014;37(suppl
1):S81–S90
22. Wells G, Shea B, O’Connel D, et al. The
Newcastle-Ottawa Scale (NOS) for
assessing the quality of non-randomized
studies in meta-analyses. 2010. Available
at: http://wwwohrica/programs/clinical_
epidemiology/oxfordasp. Accessed May
19, 2014
23. Barendregt JJ, Doi SA, Lee YY, Norman
RE, Vos T. Meta-analysis of prevalence. J
Epidemiol Community Health. 2013;
67(11):974–978
24. Barera G, Bonfanti R, Viscardi M, et al.
Occurrence of celiac disease after onset
of type 1 diabetes: a 6-year prospective
longitudinal study. Pediatrics. 2002;
109(5):833–838
25. Crone J, Rami B, Huber WD, Granditsch G,
Schober E. Prevalence of celiac disease
and follow-up of EMA in children and
adolescents with type 1 diabetes
mellitus. J Pediatr Gastroenterol Nutr.
2003;37(1):67–71
26. Larsson K, Carlsson A, Cederwall E, et al;
Skåne Study Group. Annual screening
detects celiac disease in children with
type 1 diabetes. Pediatr Diabetes. 2008;
9(4 pt 2):354–359
27. Salardi S, Volta U, Zucchini S, et al.
Prevalence of celiac disease in children
with type 1 diabetes mellitus increased
in the mid-1990’s: an 18-year longitudinal
study based on anti-endomysial
antibodies. J Pediatr Gastroenterol Nutr.
2008;46(5):612–614

28. Uibo O, Heilman K, Rägo T, et al.
Symptomless celiac disease in type 1
diabetes: 12-year experience in Estonia.
Pediatr Int. 2010;52(2):230–233
29. Barera G, Bianchi C, Calisti L, et al.
Screening of diabetic children for
coeliac disease with antigliadin
antibodies and HLA typing. Arch Dis
Child. 1991;66(4):491–494
30. Lionetti E, Castellaneta S, Francavilla R,
et al; SIGENP (Italian Society of Pediatric
Gastroenterology, Hepatology, and
Nutrition) Working Group on Weaning and
CD Risk. Introduction of gluten, HLA status,
and the risk of celiac disease in children.
N Engl J Med. 2014;371(14):1295–1303
31. Liu E, Lee HS, Aronsson CA, et al; TEDDY
Study Group. Risk of pediatric celiac
disease according to HLA haplotype and
country. N Engl J Med. 2014;371(1):42–49
32. Freemark M, Levitsky LL. Screening for
celiac disease in children with type 1
diabetes: two views of the controversy.
Diabetes Care. 2003;26(6):1932–1939
33. Holmes GK. Coeliac disease and type 1
diabetes mellitus—the case for
screening. Diabet Med. 2001;18(3):
169–177
34. Nachman F, Mauriño E, Vázquez H, et al.
Quality of life in celiac disease patients:
prospective analysis on the importance
of clinical severity at diagnosis and the
impact of treatment. Dig Liver Dis. 2009;
41(1):15–25
35. Bakker SF, Tushuizen ME, StokvisBrantsma WH, et al. Frequent delay of
coeliac disease diagnosis in
symptomatic patients with type 1
diabetes mellitus: clinical and genetic
characteristics. Eur J Intern Med. 2013;
24(5):456–460
36. American Diabetes Association. Executive
summary: standards of medical care in
diabetes—2013. Diabetes Care. 2013;36
(suppl 1):S4–S10

Downloaded from www.aappublications.org/news by guest on October 18, 2019
e176

PHAM-SHORT et al

Screening for Celiac Disease in Type 1 Diabetes: A Systematic Review
Anna Pham-Short, Kim C. Donaghue, Geoffrey Ambler, Helen Phelan, Stephen
Twigg and Maria E. Craig
Pediatrics 2015;136;e170
DOI: 10.1542/peds.2014-2883 originally published online June 15, 2015;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/136/1/e170

References

This article cites 31 articles, 12 of which you can access for free at:
http://pediatrics.aappublications.org/content/136/1/e170#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Endocrinology
http://www.aappublications.org/cgi/collection/endocrinology_sub
Diabetes Mellitus
http://www.aappublications.org/cgi/collection/diabetes_mellitus_sub
Gastroenterology
http://www.aappublications.org/cgi/collection/gastroenterology_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on October 18, 2019

Screening for Celiac Disease in Type 1 Diabetes: A Systematic Review
Anna Pham-Short, Kim C. Donaghue, Geoffrey Ambler, Helen Phelan, Stephen
Twigg and Maria E. Craig
Pediatrics 2015;136;e170
DOI: 10.1542/peds.2014-2883 originally published online June 15, 2015;

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/136/1/e170

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 © 2015 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on October 18, 2019

