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Impact of Celiac Autoimmunity on Children with Type 1 Diabetes

JILL H. SIMMONS, MD, GEORGEANNA J. KLINGENSMITH, MD, KIM MCFANN, PHD, MARIAN REWERS, MD, PHD, JENNIFER TAYLOR, MD,
LISA M. EMERY, MSPH, IMAN TAKI, BS, SHARON VANYI, MD, EDWIN LIU, MD, AND EDWARD J. HOFFENBERG, MD

bjective Children with type 1 diabetes (T1DM) are at increased risk for celiac disease (CD); however, the benefits of
creening for IgA tissue transglutaminase autoantibodies (TG), a marker for CD, are unclear.

tudy design We compared 71 screening-identified TG� with 63 matched TG– children with TIDM. Growth, bone density,
nd diabetes control measures were obtained.

esults The group was 10 � 3 years of age, 46% male, with TIDM for 4 � 3 years. Z scores for weight (0.3 � 1 vs 0.7 � 0.8,
� .024), body mass index (BMI) (0.3 � 0.9 vs 0.8 � –0.8, P � .005), and midarm circumference (0.3 � 1.1 vs 0.6 � 0.9,
� .031) were lower in the TG� group. Bone mineral density and diabetes control measures were similar. When limiting the

nalysis to the 35 TG� subjects with biopsy changes of CD, the BMI Z score was lower than the control group (0.4 � 0.9 vs
.7 � 0.7, P � .05).

onclusions In children with TIDM, screening-identified evidence of CD is associated
ith altered body composition, but not bone mineral density or diabetes control. Further

tudy is needed to determine the benefit of early diagnosis and treatment of CD in TIDM
hildren. (J Pediatr 2007;150:461-6)

p to 16% of children with type 1 diabetes (T1DM) express the highly specific
serological markers of celiac disease (CD)—autoantibodies to endomysium or tissue
transglutaminase.1-5 The majority of these children are asymptomatic or do not have

ymptoms severe enough to seek medical attention.6-10 These patients are identifiable only
hrough screening. However, they have the same genetic background (HLA DQ2, DQ8) and
haracteristic changes on small bowel biopsy as those who present with clinical signs or
ymptoms. The long-term consequences of untreated subclinical CD remain unclear.11

Manifestations of CD include diarrhea, abdominal pain, iron deficiency anemia,
ubertal delay, growth failure, decreased bone mineralization, and villous atrophy on small
owel biopsy.3,12-16 A diet free of gluten leads to complete clinical resolution and mucosal
ealing12-16 in the majority of children. If a gluten-free diet (GFD) is initiated late in
hildhood or adolescence, bone mineralization may not normalize.16 Although a GFD is
ffective, only a minority of patients achieve long-term compliance; patients diagnosed
ecause of clinical manifestations have higher compliance rates13 than those identified
hrough screening.17,18

In poorly controlled T1DM, poor growth,19,20 delayed sexual development,21-23

nd diminished bone mineralization24-27 have been reported. Thus, CD places the child
ith T1DM at increased risk for these complications.3,28 In addition, variable nutrient

bsorption because of CD-associated intestinal injury may destabilize diabetic control,
eading to recurrent hypoglycemia.29

MI Body mass index
D Celiac disease
FD Gluten-free diet
bA1c Hemoglobin A1c

GF-I Insulin-like growth factor I
GF-BP3 Insulin-like growth factor binding protein 3

LBMDV Volumetric lumbar bone mineral density
NTX Crosslinked N-telopeptides of type I collagen
PTH Parathyroid hormonel
T1DM Type 1 diabetes mellitus
TG IgA tissue transglutaminase autoantibodies
TSH Thyroid stimulating hormone

See editorial, p 453
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The primary aim of this study was to determine the
mpact of screening-identified CD on growth, bone mineral-
zation, and diabetes control.

METHODS

esearch Design/Methods
Since 1998, patients with T1DM followed at the Bar-

ara Davis Center have undergone routine screening for CD
ith testing for IgA anti-tissue transglutaminase autoanti-
odies (TG).4,10 Those with elevated TG levels were offered
mall bowel biopsy, enrollment into this study, and dietitian
nstruction in the GFD. Patients or their parents self-selected
o a regular diet or GFD. Subjects 2 to 18 years of age and
G� were frequency matched with TG– subjects for sex, age
1 year, and T1DM duration � 1 year (Table I). Patients

ere excluded if they had chronic glucocorticoid use, had
nother systemic illness, or required medications known to
dversely affect linear growth or bone mineralization (patients
ith well-controlled thyroid disease were not excluded).

nthropometrics/Bone Densitometry
Height, weight, body mass index (BMI), triceps skin-

able I. Demographic and clinical data at enrollmen
TG–) serologic evidence of celiac disease

ge (y)
IDM duration (y)
ex (males)
G index
bA1c (4.2-6.3%)

nsulin dose/kg/day
subjects with severe hypoglycemic event*
t Z score

MI Z score
eight Z score
riceps skinfold Z score
idarm circumference Z score

-spine Z score for bone age
olumetric L-spine Z score for bone age
one age delay (y)
TH (13-54 pg/mL)
itamin D 25OH (15-45 ng/mL)
rine n-telopeptides†
itamin B12 (211-911 pg/mL)
realbumin (18-35.7 mg/dL)
erritin (15-119 ng/ mL)
rine microalbumin/creatinine ratio (0-30 ug/mg creat)
ree T4 (0.8-1.7 ng/dL)
SH (0.36-5.4 ng/dL)

GF-I Z score
GF-BP3 Z score

% of subjects with severe hypoglycemic event in the 2 years prior to enrollment
Urine N-telopeptides: % of age- and sex-specific reference mean (evaluated for bone
old measurements, and midarm circumference were con- A

62 Simmons et al
erted to age- and sex-specific Z scores ([value-mean value for
ex and age]/standard deviation).30,31 Bone densitometry was
erformed in the anteroposterior direction at the lumbar spine
L2-L4) using a Lunar XRC1 version 4.7E bone densitom-
ter with smart scan (Granite Microsystems, Mequon, Wis).
ata were expressed as age- and sex-specific Z scores for both

one age and chronologic age. Areal lumbar bone mineral
ensity (LBMDA, grams per square centimeter) was obtained
nd volumetric lumbar bone mineral density (LBMDV,
rams per cubic centimeter) was calculated based on the
BMDA and the width of the lumbar vertebrae using the

ormula LBMDA � (4/[� � width]) � LBMDV.32

mall Bowel Biopsy
Small bowel biopsy was performed on TG� subjects

onsuming a normal gluten-containing diet. At upper intes-
inal endoscopy, two biopsies from the distal duodenum and
wo biopsies from the proximal duodenum were obtained. A
ediatric pathologist, unaware of the clinical and laboratory
esults, interpreted the sample according to the criteria de-
ned by Marsh,33 as previously described.10 A normal biopsy

s Marsh 0, increased intraepithelial lymphocytes is Marsh 1,
rypt hyperplasia is Marsh 2, and villous atrophy is Marsh 3.

children with diabetes with (TG�) and without

TG�
n � 71

TG–
n � 63 P value

0.1 � 2.9 10.2 � 3.3 .738
4.3 � 3.3 4.4 � 3.2 .0614
33 (46.4%) 29 (46.0%) .959
.56 � 0.50 -0.004 � 0.02 <.0001
8.3 � 1.3% 8.3 � 1.0% .680
.78 � 0.32 1.18 � 2.90 .322

14.9% 7.9% .412
.29 � 1.0 0.68 � 0.84 .024
.34 � 0.9 0.75 � 0.76 .005
.02 � 1.45 0.34 � 1.02 .369
1.0 � 0.85 0.93 � 0.77 .612
.31 � 1.15 0.60 � 0.91 .031
.69 � 1.46 -0.41 � 1.49 .073
.21 � 1.22 0.07 � 1.3 .237
.05 � 1.7 0.006 � 0.92 .304
4.8 � 8.5 21.5 � 7 .022
9.0 � 7.9 31.2 � 7.8 .099
5.3 � 60.2% 69.0 � 33.2% <.0001
4.7 � 297.6 759.7 � 311.9 .299
0.2 � 2.8 21.0 � 4.0 .064
6.6 � 22.2 39.8 � 18.4 .164
2.5 � 16.8 17.7 � 34.4 .882
.18 � 0.21 1.31 � 0.25 .001
.45 � 1.93 2.55 � 6.79 .002
.12 � 0.99 -1.82 � 1.02 .037
.78 � 1.0 -0.68 � 1.23 .999
t of

1

0

0

0
0
0

0
-0
-0
0
2
2

10
71
2
3
1
1
2

-2
-0
Marsh score �2 is considered to be evidence for CD.
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aboratory Tests and Bone Age
The IgA TG radioassay has been previously de-

cribed10,34 and compared with commercially available en-
yme-linked immunosorbent TG assays.1 Briefly, in vitro
ranscribed and translated full-length human recombinant
ransglutaminase was used. Radiolabeled samples were mea-
ured in the fluid phase with duplicates in 96-well plates using
Top Count �-counter (Packard Instrument Company, Me-

iden, Conn). A TG index �0.05 is considered elevated.34 A
G index of �0.05 has a positive predictive value for histo-

ogic confirmation of CD of 76%, and a TG index of �0.5
as a positive predictive value of 96%.35

Hemoglobin A1c (HbA1c) was measured by the DCA
000TM (Bayer Diagnostics, Elkhart, Ind) by latex aggluti-
ation procedure. Insulin-like growth factor I (IGF-I) and

nsulin-like growth factor binding protein 3 (IGF-BP3) were
etermined by enzyme-immunoassay (R&D Systems, Min-
eapolis, Minn) and evaluated as Z scores adjusted for bone
ge (SD from the mean for age- and sex- matched lab
ontrols). Urinary cross-linked N-telopeptides of type I col-
agen (NTX) were determined by EIA (Wampoles Osteo-

ark, Princeton, NJ) using a spot urine collection. Results for
rinary NTX/creatinine ratios were expressed as a percentage
f age- and sex-specific mean values using published reference
ata.36 Serum intact parathyroid hormone (PTH), 25-hy-
roxyvitamin D, free T4, thyroid stimulating hormone
TSH), pre-albumin, ferritin, urine microalbumin/creatinine,
nd Vitamin B12 measurements were performed using stan-
ard laboratory methods. Bone age was determined in masked
onditions by a single investigator (JS) using the method of
reulich and Pyle.37

ypoglycemia/Other Assessments
Episodes of severe hypoglycemia, defined as seizures,

ltered consciousness, emergency department visits, or hospi-
alizations as a result of hypoglycemia within 2 years prior to
tudy enrollment were obtained from the Barbara Davis Cen-
er clinical electronic database. Additionally, the percentage of
lood glucose levels �70 mg/dL from home glucose meter
ownloads at the visit before enrollment were obtained. These
ownloads provide information regarding the month before
he download. A questionnaire ascertaining each subject’s
aily insulin regimen was administered and daily dose of

nsulin per kilogram was then calculated. A symptom ques-
ionnaire regarding the presence of diarrhea, abdominal pain,
onstipation, vomiting, irritability, decreased energy, gas,
tch/rash, edema, bleeding disorder, pubertal delay, failure to
ain weight, short stature, or bone fracture was administered
y a study dietitian.28

tatistics
Log transformations were applied to highly skewed

ariables. Chi-square test of independence or Fisher’s exact
est was used to test the distribution of discrete variables. The
ilcoxon’s rank sum test was used to test the difference T

mpact of Celiac Autoimmunity on Children with Type 1 Diabetes
mong groups in continuous variables at baseline. There were
o P value adjustments for multiple tests. A subanalysis was
erformed with pair-matched TG– and TG� subjects with
arsh scores �2. These subjects were matched for age, sex,

nd diabetes duration. A matched group analysis was per-
ormed using the rank sum test. Symptoms were analyzed
sing a �2 test; Fisher’s exact test was used when the fre-
uency of a symptom was �5.

RESULTS
There were 71 TG� and 63 TG– children enrolled, all

ith T1DM. The TG� group was 10 � 3 years of age, 46%
ale, 94% self-described non-Hispanic white, and had a
1DM duration of 4 � 3 years. Because of frequency match-

ng, age, sex, and diabetes duration were similar in the TG�
nd TG– groups (Table I). The median duration of GFD was

months in the TG� group (mean 5.4 � 11.2 months).
wenty percent of TG� subjects stated that they had been

ollowing a GFD for �6 months; the mean TG index of this
roup was similar to the mean of the remainder of the TG�
roup (0.50 � 0.47 vs 0.58 � 0.51, P � .768). The TG�
roup reported increased frequency of decreased energy, flat-
lence, itching/rash, failure to gain weight, and short stature
data not shown, results obtained after TG results were
nown).

The TG� group had lower weight, BMI, and midarm
ircumference Z scores than the TG– group, but the groups
ere similar for bone mineral density. There were no differ-

nces between the TG� and TG– groups in HbA1c at the
aseline visit (Table I) or in the average HbA1c during the 2
ears before enrollment between the TG� (8.4 � 1.5%) and
G– groups (8.6 � 1.0%), P � .245. There were also no
ifferences in episodes of severe hypoglycemia, as 14.9% of
ubjects in the TG� group and 7.9% in the TG– group had
single episode of severe hypoglycemia during the 2 years

efore enrollment (P � .412). No subject had more than one
pisode of severe hypoglycemia during the 2 years before
nrollment. The TG� group had 9.7 � 6.0% of blood
lucose values �70 mg/dL (obtained from glucose meter
ownloads at the visit before enrollment), compared with 9.0

5.8% in the TG– group (P � .470). There were no
ifferences between groups in insulin dose/kg.

The TG� group had lower IGF-I Z scores than the
G– group, but both were decreased compared with control

alues. The TG� group had higher PTH and urine NTX
evels and lower free T4 and TSH levels. (Table I). Five
ubjects in the TG� group (7%) and four subjects in the TG–
roup (6%) had hypothyroidism and were receiving replace-
ent therapy. There were no other differences between

roups in any other variables. A subanalysis of TG� subjects
n GFD �6 months (n � 57, mean 1 � 1.6 months and
edian 0 months) at enrollment compared with TG– con-

rols demonstated the same differences in weight, BMI, mi-
arm circumference Z scores, PTH, urine NTX, free T4, and

SH levels; there was no longer a statistically significant
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ifference between groups in IGF-I Z scores (data not
hown).

Small bowel biopsy was performed in 48 of the 71
G� subjects (68%). Villous atrophy (Marsh score 3) was

ound in 33 and crypt hyperplasia (Marsh score 2) in an
dditional 2 subjects. Thus 73% of those with a biopsy and
0% of all screening-identified TG� subjects had confirma-
ion of CD on small bowel biopsy. None of the TG– group
ad a small bowel biopsy. A subanalysis was performed com-
aring these 35 TG� subjects with biopsy evidence of CD
ith TG– subjects matched for age, sex, and diabetes dura-

ion (Table II). The group with biopsy evidence of CD, as the
ntire TG� group, had lower BMI Z scores and similar
bA1c and bone mineral density compared with the TG–

roup, but no difference in weight or midarm circumference
scores. As in the total TG� group, the biopsy positive

roup had higher PTH and urine NTX and lower free T4 and
SH than the group without TG. The biopsy positive group
ad increased frequency of flatulence (28.6% vs 5.7%), P �

023, but there were no other differences in reported symp-
oms (data not shown).

DISCUSSION
This study evaluated a large number of children with

able II. Demographic and clinical data at enrollmen
nd without serologic (TG–) evidence of celiac diseas

Biopsy
n � 3

ge (y) 10.52 � 2
iabetes mellitus duration (y) 4.00 � 3

ex (males) 17 (48.6
G index 0.67 � 0
bA1c (4.2-6.3%) 8.1 � 1

nsulin dose/ kg/ day 0.80 � 0
t Z score 0.35 � 1

MI Z score 0.36 � 0
eight Z score 0.25 � 1
riceps skinfold Z score 1.08 � 0
idarm circumference Z score 0.41 � 1

-spine Z score for bone age -0.41 � 1
olumetric L-spine Z score for bone age 0.04 � 1
one age delay (y) 0.22 � 2
TH (13-54 pg/mL) 25.7 � 7
itamin D 25OH (15-45 ng/mL) 31.3 � 7
rine n-telopeptides* 107.6 � 5
itamin B12 (211-911 pg/mL) 769.5 � 3
realbumin (18-35.7 mg/dL) 20.4 � 2
erritin (15-119 ng/ mL) 30.9 � 1
rine microalbumin/creatinine ratio
(0-30 ug/mg creat)

9.0 � 9

ree T4 (0.8-1.7 ng/dL) 1.16 � 0
SH (0.36-5.4 ng/dL) 2.42 � 1

GF-1 Z score -1.84 � 1
GF-BP3 Z score -0.50 � 0

Urine N-telopeptides: % of age- and sex-specific reference mean (evaluated for bone
1DM and celiac autoimmunity. In children with T1DM, f

64 Simmons et al
eliac autoimmunity is associated with decreased weight and
MI Z scores. These findings are important for several reasons.

First, whether to screen children with TIDM for CD is
ontroversial. The 2004 National Institutes of Health con-
ensus statement on CD11 reported that for those with
IDM “current data do not indicate a clear outcome benefit

or early detection and treatment of asymptomatic individu-
ls.” Routine screening was not recommended. However,
reas for future research included “a cohort study to determine
he natural history of untreated celiac disease, especially silent
eliac disease” and to “analyze the benefit of screening high-
isk groups relevant to clinically important outcomes.” This
tudy from a large single-center group of subjects provides
uch-needed information to guide clinical practice.

Second, there is uncertainty regarding the optimal tim-
ng of therapy for CD in children with TIDM.38 In children
ith recently diagnosed TIDM, the psychological burden of
second chronic illness requiring significant life-long diet

hange was emphasized.39 Third, the clinical impact of CD in
hildren seems to vary from person to person, probably be-
ause of the variable severity of the disease process. The
ultiple terminologies used in the literature (latent, subclin-

cal, mild, screening-identified) exemplify the limited under-
tanding of the natural history, pathogenesis, and modifying

children with diabetes with histologic (Biopsy�)

TG– matched controls
n � 35 P value

10.13 � 3.07 .488
4.12 � 3.25 .660
17 (48.6%) 1.000

-0.001 � 0.02 <.001
8.2 � 1.2% .919

1.39 � 3.89 .835
0.53 � 0.75 .431
0.68 � 0.67 .050
0.12 � 0.92 .445
0.86 � 0.79 .594
0.51 � 0.82 .208

-0.54 � 1.71 .831
-0.0001 � 1.37 .960

-0.04 � 0.90 .648
21.4 � 6.2 .021
31.9 � 6.2 .689
70.7 � 36.3% .0004

839.1 � 330.9 .065
21.0 � 2.9 .384
39.1 � 18.0 .065
19.9 � 40.9 .572

1.33 � 0.31 .015
3.33 � 9.06 .029
-1.99 � 0.96 .834
-0.86 � 1.20 .091
t of
e

�
5

.70

.22
%)
.55
.3%
.40
.09
.87
.17
.85
.29
.57
.24
.24
.5
.7
8.2%
01.2
.2
6.3
.6

.23

.58

.10

.99
actors in CD. Continued follow-up of this cohort will eval-
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ate the effect of early initiation of GFD on screening-
dentified patients as well as the effect of GFD over time.

Although the results of our study are not decisive
nough to assert that universal screening is justified, the
vidence is also not conclusive enough to renounce the posi-
ion statements by the American Diabetes Association40 and
he North American Society for Pediatric Gastroenterology,

epatology and Nutrition3 that the T1DM population
hould undergo screening for CD. This study extends to
hildren with TIDM our previous finding of mild differences
n BMI,28 and is in agreement with one other study.41 How-
ver, others found no differences in anthropometrics.18,42,43

f note, we and others18,42,43 did not find an impact of CD
n height in patients with T1DM, although one other study
ound improvement in height with GFD.44 Some studies
ave suggested that CD has an impact on glycemic con-
rol,41,44 but we and others42,43 have not confirmed this.
GF-I values were low in both TG� and TG– patients with
1DM. Circulating IGF-I levels are reduced in TIDM and

evels are dependent on the degree of metabolic control.45,46

owever, our study demonstrated lower values in those
1DM patients who also have CD; this may have adverse

mplications for both final height and bone mineralization.
We did not find any differences in bone density in these

elatively young patients, although decreased bone mineral
ensity has been associated with childhood CD.12,13,16 How-
ver, we did find increased urine NTX, a marker of bone
esorption, in patients with T1DM and evidence of CD. Our
atient population may be too young to have abnormalities
emonstrated by dual-energy x-ray absorptiometry, and bone
urnover markers may precede these abnormalities. Importantly,
itamin D 25-OH levels were normal; therefore, Vitamin D
eficiency is not the cause of increased bone turnover.

Through screening, we identified 35 patients (49.3% of
he TG� patients) who had small bowel biopsy–confirmed
D. These patients had abnormalities in anthropometric
easures and in bone turnover markers, as did the entire
G� group. Importantly, it does not appear that having
istologic evidence of CD has a more profound clinical effect
han having TG.

An important limitation of this study is that 20% of the
ubjects in the TG� group claimed to be following a GFD
or at least 6 months before enrollment. This could result in
type II error, of finding no difference when one does exist.
owever, the mean TG index in the TG� group at enroll-
ent was �0.5 and not different from those recently begun

n a GFD, suggesting that the GFD was not strictly fol-
owed.13,17,18 Additionally, analysis excluding those reporting

GFD for �6 months before enrollment revealed results
imilar to the analysis of the entire cohort.

Another limitation is that not all patients underwent
iopsies, and they did not therefore all have biopsy-proven
D. However, our primary aim was to investigate the signif-

cance of having evidence of CD as measured by TG�, as not
ll patients in clinical practice agree to a small bowel biopsy.
e demonstrated that those with histologic evidence of CD J

mpact of Celiac Autoimmunity on Children with Type 1 Diabetes
ad similar clinical and laboratory differences from the TG–
roup as did the entire TG� group.

In conclusion, we demonstrated differences in weight
nd BMI Z scores between TG� and TG– T1DM patients.
here were no differences in bone density or in diabetes

ontrol between these groups. Differences in urine NTX
etween these groups is of uncertain significance. There con-
inues to be evidence for screening patients with T1DM for
G at regular intervals, as it aids in identifying patients for

mall bowel biopsy. Further longitudinal studies are needed to
escribe the natural history of untreated CD, to assess the
echanisms of decreased bone mineral density, and to deter-
ine the optimal timing of dietary therapy.
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