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Abstract

Background The prevalence of celiac disease among type
1 diabetes mellitus (T1DM) patients is 5-10 times higher
than in the general population. Thus, evaluation of celiac
serology is indicated at diagnosis of T1DM and on follow up.
Aim This study was prompted by the observation that
elevated anti-TTG antibody levels in diabetic children may
spontaneously normalize despite continued consumption of
gluten. The objective of the study was to investigate the
prevalence of this phenomenon and associated factors.
Materials and Methods The files of all children diag-
nosed with type 1 diabetes mellitus from 2003-2009 at a
tertiary pediatric medical center were reviewed for those
with elevated serum levels of anti-TTG antibody. Clinical,
medical, laboratory, and treatment data were collected.
Findings were compared between patients diagnosed with
celiac disease and patients with initially elevated anti-TTG
antibody levels that spontaneously normalized.

Results  Forty-eight of the 738 patients with type 1 dia-
betes attending our center (6.5%) had elevated anti-TTG
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antibody blood levels. Celiac disease was diagnosed in 23,
and anti-TTG antibody levels normalized in 17 (35.4%), all
of whom consumed gluten. At one-year follow-up, there
was no significant difference between the groups in HbAlc
level or change in anthropometric measurements.
Conclusion Physicians treating children with type 1 dia-
betes and mildly elevated anti-TTG antibody levels might
consider 12-month serologic follow-up on a gluten-con-
taining diet rather than immediate duodenal biopsy.

Keywords Tissue transglutaminase - Diabetes mellitus
type 1 - Celiac disease - Spontaneous normalization

Introduction

Celiac disease (CD) is a common, immune-mediated
enteropathy characterized clinically by sensitivity to glu-
ten, a peptide found in wheat, barley, and rye [1]. Its
development is thought to arise as a result of inherited
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predisposition. As part of the immune response, there is an
increase in specific serological markers in the serum,
including anti-tissue transglutaminase (TTG) antibody [2].
The clinical picture is diverse, ranging from no symptoms
to severe malabsorption. Non-gastrointestinal symptoms
include iron deficiency anemia, short stature, increased
prevalence of autoimmune diseases, neurologic manifes-
tations, and liver and bone disease [2—4]. Studies have
shown that approximately 20% of asymptomatic patients
with positive serology and typical intestinal biopsy will
become symptomatic within seven years [5]. Left
untreated, CD places patients at increased risk of gastro-
intestinal malignancy, for example non-Hodgkin lym-
phoma, cancers of the mouth, pharynx, and esophagus [6],
and increased overall mortality [7]. These complications
support the need for early diagnosis and the common
practice of excluding gluten-containing foods from the diet,
even for asymptomatic cases.

The most widely accepted screening tool for CD is
serology for levels of immunoglobulin A (IgA) anti-TTG
antibodies [8]. Positive findings are followed by small-
bowel biopsy. Although small-bowel biopsy is regarded as
the best means of CD diagnosis [8, 9], high levels of anti-
TTG antibody may predict positive biopsy findings [10],
and patients with only minor findings on biopsy may still
benefit from a gluten-free diet [11]. Serology is also
important for monitoring compliance with treatment [12].

The prevalence of CD in the general population ranges
from 1 in 70 to 1 in 200 throughout the world [13, 14]. It is
even higher in family members of patients with CD, patients
with genetic conditions such as Down, Turner, and Williams
syndromes, and patients with other autoimmune diseases.
CD has been found to occur 5-10 times more often in chil-
dren and adults with type 1 diabetes mellitus (T1DM) than in
the general population [8, 15, 16], although the reason for
this association is still unclear. Both TIDM and CD result
from a complex interplay between genetic susceptibility and
environmental exposure, and both are associated with the
major histocompatibility complex class II antigen DQ2,
encoded by the alleles DQA1*501 and DQB1%#201, indica-
tive of a common genetic basis for disease expression [17,
18]. Recent studies have also revealed non-HLA loci com-
mon to the two diseases [17, 19]. Because most cases of CD
in patients with TIDM are asymptomatic and detected by
serologic screening [20], the International Society of Pedi-
atric Diabetes recommends that all children diagnosed with
T1DM be screened for CD at the time of diagnosis and then
annually for the first five years and every second year
thereafter [21].

This study was prompted by our observation that ele-
vated levels of anti-TTG antibody in diabetic children may
spontaneously normalize, despite continued consumption
of gluten. The objectives of this study were threefold:

1. to investigate the prevalence and extent of spontaneous
normalization of TTG antibody levels in patients with
T1DM;

2. to characterize children with TIDM and spontaneous
normalization of anti-TTG antibody levels in terms of
demographics, growth, and metabolic control; and

3. to compare changes in anthropometric measurements and
metabolic control between patients with TIDM and CD
who are adherent or nonadherent to a gluten-free diet.

Methods
Patients and Setting

The files of all patients diagnosed with T1DM at the

Institute of Endocrinology and Diabetes of a tertiary

pediatric medical center from December 2003 to December

2009 were reviewed for those with elevated anti-TTG

antibody serum levels. For all patients identified, the fol-

lowing data were collected:

— clinical—weight, height, and body mass index (BMI) at
the first elevation of serum anti-TTG antibody and one
year later, in addition to sex, age at diagnosis, other
autoimmune diseases, and family history of CD,
T1DM, and other autoimmune diseases;

— laboratory—serum levels of anti-TTG antibody, hemo-
globin Alc (HbAlc) concentration at the first elevation
of serum anti-TTG antibody level and one year later,
and serum levels of anti-endomysial antibody (EMA)
and IgA; and

— intervention and treatment—findings on small-intestine
biopsies and adherence to a gluten-free diet, as assessed
at each visit by a trained dietitian as part of the routine
practice at our institution.

The study was approved by our institutional review
board.

Techniques
Anthropometrics

In the Diabetes Clinic, weight and height are measured for
all patients at first finding of an elevated anti-TTG antibody
level (see the section “Serology”) and annually thereafter.
Height is measured with a commercial Harpenden—Holtain
stadiometer, and weight (in light clothing) with standard
calibrated scales. BMI is calculated as weight in kilograms
divided by height in meters squared. For this study,
anthropometric measurements were converted to age-spe-
cific and sex-specific Z scores based on the WHO growth
reference of 2007 [22].
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HbAIc

Capillary HbAlc is measured on a regular basis for all
patients with TIDM by use of an automated immuno-
chemical technique (DCA 2000; Bayer Diagnostics, Tar-
rytown, NY, USA; reference range: 4.3-5.8%).

Serology

Anti-TTG antibody values were available for all patients
because it is departmental practice to perform annual CD
serology studies for patients with TIDM, starting from
diagnosis [21, 23]. Patients with positive values are refer-
red to the Gastroenterology Clinic for a repeat of the test,
and for further verification by EMA test. This study
included all patients whose initial TTG levels were ele-
vated. Anti-TTG antibody is analyzed by use of anti-human
TTG antibody (hu-TTG) IgA ELISA (IgA conjugate; IM-
MCO Diagnostics, Buffalo, NY, USA); anti-EMA is ana-
lyzed by use of the immunofluoresence Anti-EMA Test
system (IMMCO). Findings of >20 EU/ml for TTG anti-
body and 1:2.5 for EMA were regarded as positive.

Biopsy

For patients with suspected CD, biopsy samples from the
small intestine are routinely taken from the second part of
the duodenum (four specimens) and from the duodenal
bulb (two specimens) and classified according to the
modified Marsh—Oberhuber classification.

Data Analysis

Patients with elevated TTG antibody levels were divided
into two groups: Group 1 consisted of patients diagnosed
with CD by accepted criteria and confirmed by biopsy [9].
Group 1 was further divided into those who were adherent
(group 1a) or nonadherent (group 1b) to a gluten-free diet.
Group 2 consisted of patients for whom TTG levels nor-
malized spontaneously despite their continued consump-
tion of a gluten-containing diet. In this group, patients who
still had an elevated anti-TTG antibody level at the first
gastroenterology visit were referred for biopsy, whereas
those for whom levels had already normalized were
observed only.

Statistics

Statistical analysis was performed with SPSS 17.0 (Chi-
cago, IL, USA). The 12 test was used to estimate sex dis-
tribution. Differences between groups were analyzed by
use of the two-tailed Student ¢ test for independent sam-
ples. Anti-TTG antibody values were recorded as times the
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upper limit of normal (ULN) were exceeded. The data were
plotted on a receiver operator characteristic (ROC) curve
and the cutoff point yielding 100% specificity for diag-
nosing celiac disease was selected. Positive and negative
predictive values for repeated (follow-up) TTG and EMA
testing compared with the biopsy results were calculated.
To compare means of more than two samples, one-way
analysis of variance (ANOVA) was used. P values <0.05
were regarded as significant.

Results
Patient Groups

We reviewed the files of all 738 patients with TIDM who
attended our center during the study period and were tested
for anti-TTG antibody levels within four months of diag-
nosis and yearly thereafter (Fig. 1). Data were missing for
another 77 patients with T1DM, and these were excluded
from the study.

Forty-eight patients (6.5%) were found to have elevated
anti-TTG antibody levels; of these, 23 were diagnosed with

Patients with DM

(n=815)
|
| . 1
Study cohort Excluded due to
incomplete data
(n=738) (n=77)
l
TTG positive (n=48)
| 1
Spontaneous
Elevated TTG disappearance of
(n=31) 76 (n=17)
Group 2
ﬁ—- —
Biopsy performed Biopsy refused
(n=25) {n=6)
I ; 1
Celiac disease Potential CD
confirmed (n=23) (normal biopsy)
Group 1 (n=2)
—_—— |

Fig. 1 Flow chart of the study. TIDM, type 1 diabetes mellitus; CD,
celiac disease; 7T7TG, tissue transglutaminase (antibodies); EMA,
endomysial antibodies
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CD by intestinal biopsy (Marsh IIT) (group 1). Anti-TTG
antibody levels for another 17 patients (35.4%) normalized
on a gluten-containing diet during follow-up (group 2). Ten
of these underwent duodenal biopsy that was found to be
normal (Marsh 0), and seven did not have biopsies because
by the time their biopsy was scheduled anti-TTG antibody
levels normalized. The background characteristics of
groups 1 and 2 are shown in Table 1. The other eight
patients with high anti-TTG antibody levels were excluded
from the analysis because of latent CD (elevated consec-
utive TTG tests but normal biopsy findings (n = 2) or
initiation of a gluten-free diet on the basis of positive serum
findings on consecutive tests, without performing a biopsy
(n = 6)).

Analysis of adherence to treatment in group 1 yielded 13
patients (56.5%) who maintained a gluten-free diet, con-
firmed by the dietician’s reports and a decline in serolog-
ical TTG antibody values.

Serology

There was statistically significant difference in serum anti-
TTG antibody levels between groups 1 and 2 at diagnosis
(Fig. 2) (group 1, median x 3.3 ULN (range 1.4-15.1);
group 2, median x 1.6 ULN (range 1.1-3) (P = 0.000)).
All patients were followed periodically for anti-TTG anti-
body levels, and the median time to normalization in group
2 was six months (range 2-12). The anti-TTG antibody
level did not normalize in any of the patients with CD who
did not adhere to treatment (group 1b, median x 2.57 ULN
(range 2-7.5)). In all but one patient in group 2, anti-TTG
antibody values remained normal until the end of the fol-
low-up period (median follow-up after normalization,
3.7 years (range 0.8-5.4 years)).

Table 1 Background data for patients with TIDM and elevated
serum levels of anti-TTG antibody

Diagnosed TTG levels P value
with CD normalized
(n = 23) (n=17)*
Female/male 13/10 9/8 0.7
Median age, 7.0 9.0 0.51
year (range) (2.01-15.0) (3.06-16.02)
GI symptoms (n) 3 1 0.14
Family history of CD (n) 5 0 0.04
Family history of DM (n) 3 1 0.14
Family history of other 1 2 0.10
autoimmune disease (n)
Hashimoto thyroiditis (n) 1 2 0.08

T1DM, type 1 diabetes mellitus; TTG, tissue transglutaminase; GI,
gastrointestinal; CD, celiac disease

? On gluten-containing diet

16,0

140

120 -

80

TTG levels x UNL

6,0 [

40 | ﬁ
=)

20

o]
OOy

group

Fig. 2 Anti-TTG antibody levels (xULN) at diagnosis for group 1
(diagnosed with CD) and group 2 (antibody levels normalized on a
gluten-containing diet). Each dot represents the TTG antibody value
for a single patient. The between-group difference was statistically
significant (P = 0.006)

EMA findings were positive for all 23 patients with CD
(group 1) and for 10/17 patients (59%) whose TTG values
normalized (group 2) (P = 0.004). Spontaneous normali-
zation of the EMA value and normalization of the TTG
value were observed for seven of the EMA-positive
patients in group 2.

In ROC curve analysis, anti-TTG antibody values that
were 3 x ULN had 100% specificity for diagnosis of CD
and 61% sensitivity. On follow-up testing, the positive
predictive value was 92% for anti-TTG antibody and
82.1% for EMA, and the negative predictive value was
100% for both.

HbAlc

There was no significant difference in HbAlc concentra-
tion at diagnosis between the groups. Group 1 had a median
value of 7.3% (range 6.1-11.16) and group 2 had a median
value of 8% (range 6.1-14.9; P = 0.1). Similarly, after
1 year, taking adherence to treatment into account, group
la (with GFD) had a median value of 7.1% (range 6-8.8),
group 1b (without GFD) had a median value of 7.6%
(range 6.7-11.5), and group 2 had a median value of 7.37%
(range 6.5-14.4) (P = 0.39).

Growth

Table 2 shows the Z scores for weight, height, and BMI at
diagnosis and after 1 year, and Fig. 3 shows the change in
Z score for BMI from baseline to one year. There were no
significant differences among groups la, 1b, and 2 for any
of the data.
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Table 2 Z scores for weight,

height, and BMI at diagnosis Z score Diagnosed with CD TTG lthjls normalized P value
. . (n = 23) (n=17)
and at one year for patients with
T1DM and glevated serum Weight median (range)
levels of anti-TTG antibody . .
Diagnosis 0.41 (—1.86 to 1.32) 0.42 (—1.81 to 1.96) 0.78
1 year 0.1 (—1.56 to 2.06) 0.29 (—1.49 to 1.97) 0.57
Height median (range)
Diagnosis 0.36 (—1.5 to 2.03) 0.46 (—1.69 to 1.26) 0.99
BMLI, body mass index; TIDM, 1 year —0.09 (—=1.71 to 1.7) 0.21 (—1.68 to 1.14) 0.79
type 1 diabetes mellitus; TTG, BMI median (range)
tissue transglutaminase; CD, Diagnosis 0.02 (—2.02 to 1.26) —0.38 (—2.14 to 2.87) 0.81
celiac disease
1 year 0.3 (—1.35 to 1.96) 0.33 (—1.75 to 2.89) 0.80

* On gluten-containing diet

00 -

Differences in Z score for BM|

10 | 1 1 1
1a 1b 2

group

Fig. 3 Changes in Z scores for BMI from baseline to 1 year for group
la (diagnosed with CD, gluten-free diet), group 1b (diagnosed with
CD, gluten-containing diet), and group 2 (anti-TTG antibody levels
normalized on a gluten-containing diet). The difference among the
groups was not statistically significant. CD, celiac disease; 771G,
tissue transglutaminase (antibodies); GFD, gluten-free diet

Discussion

The major finding of this study is that elevated serum anti-
TTG antibody levels in patients with newly diagnosed
T1DM will normalize in 35% of cases within one year,
even on a gluten-containing diet. For some patients (10/17
in our study), EMA levels normalize also. These changes
are apparently unrelated to either HbAlc concentration or
anthropometric measurements, which were similar to those
for patients with a diagnosis of CD, irrespective of their
adherence to a gluten-free diet.

In agreement with earlier studies showing that children
with TIDM have higher prevalence of CD and elevated
anti-TTG antibody levels compared with the general pop-
ulation [2, 24-28], we observed 4% occurrence of CD and
6.5% TTG antibody positivity among our patients diag-
nosed with TIDM.

@ Springer

Our search of the literature yielded no studies demon-
strating normalization of anti-TTG antibody, and some-
times EMA, in patients with TIDM. However, one group
reported 49% transient anti-TTG antibody positivity in
patients genetically susceptible to CD who were tested
periodically during the first 4-7 years of life [29], with no
relation to TIDM. They suggested that at least for young
children at risk, a regulatory immune response extinguishes
the incipient CD. Another study of patients with a genetic
susceptibility to CD found that anti-TTG antibody blood
levels varied over time, and a higher titer predicted
abnormal biopsy findings. The authors proposed that to
reduce the frequency of unnecessary (normal) diagnostic
biopsies for CD, the threshold for screening-identified
cases should be set higher than for clinically identified
cases [30].

At the time of TTG determination, none of our patients
had decelerated growth or signs of malnourishment, similar
to most reports in the literature [20, 24, 31, 32]. Further-
more, at 1 year there was no difference in anthropometric
measurements or metabolic control between patients with
CD or with anti-TTG antibody normalization and between
patients who adhered to a gluten-free diet or those who did
not. Although the patients with CD who did not adhere to
treatment had a 1.1% higher mean HbAlc value at 1 year
than the adherent subgroup, the difference was not statis-
tically significant. Findings in the literature on the effect of
a gluten-free diet on symptoms and growth in children with
T1DM and CD are inconsistent, with some suggesting a
clinical benefit [2, 33, 34] and others not [15, 35].

The lack of effect of a gluten-free diet on anthropo-
metric data in our study might be attributable to the rela-
tively short follow-up time. One year may not be sufficient
to reflect these changes, especially for patients who were
mostly diagnosed by screening and were not malnourished
at diagnosis. Nevertheless, in a recent study on the
advantages of screening children with TIDM for CD
serology, there was no difference in the mean decrease in



Dig Dis Sci (2012) 57:1314-1320

1319

anti-TTG antibody levels between patients who were on a
gluten-free diet and those who were not, and no difference
in symptoms, anthropometrics, or metabolic control over a
two-year period [36]. However, the authors did not report
on spontaneous normalization of antibodies. Accordingly, a
recent multicenter prospective study of patients with
T1DM observed that height and weight were lower in those
with CD than in those without CD at both presentation and
five years later [37].

Thus, taken together, our findings of an absence of stun-
ting or malnutrition at diagnosis, and similar anthropomet-
rics and metabolic control at 1 year in patients with and
without CD and patients with CD on a gluten-free or gluten-
containing diet, and the substantial rate of normalization of
anti-TTG antibody levels, suggest that, at least in the pres-
ence of anti-TTG antibody values up to three times the upper
normal limit, repeated serologic testing of patients on a
gluten-containing diet is preferred over immediate intestinal
biopsy. Furthermore, treatment with a gluten-free diet should
be delayed until the findings are definite, so that spontaneous
normalization of the high levels of anti-TTG antibodies is not
misinterpreted. Factors that can guide the decision to per-
form an early intestinal biopsy study are family history of
CD, which is more likely in patients with CD according to
our data and the literature [38], in addition to findings of a
high antibody titer and EMA positivity. However, clinicians
should take into account that there is an overlap of TTG
values between patients with CD and patients for whom anti-
TTG antibody values eventually normalize: Some patients
with CD may have rather low values of TTG, with our
without co-normalization of EMA level, whereas some
patients without CD may have high values.

This study was limited by its retrospective design and
relatively small number of patients in each group (although
the overall sample size was large). The lack of between-
group differences in anthropometric measurements and
metabolic control during follow-up indicated that a one-
year delay in establishing diagnosis has no deleterious
effects on these. Nevertheless, the study may still have
been underpowered for observing some changes. Second,
HLA testing was not performed routinely, and it could be
of diagnostic assistance for subjects who do not have
intestinal biopsies. However, the HLA data would affect
the diagnosed cases only, and would not limit the high
percentage of patients with TIDM who eventually lost
their anti-TTG antibodies on a gluten-containing diet. Last,
our serologic follow-up was limited to the period of the
study (up to 6 years). Some authors may argue that
although CD is more common at diabetes diagnosis and in
the first five years after diagnosis [39], it may develop later
in some cases.

In conclusion, our study shows that high anti-TTG
antibody levels in children diagnosed with TIDM

spontaneously normalize in approximately one-third of
cases. We suggest that in asymptomatic children with
T1DM and mildly elevated TTG levels, physicians should
consider serologic follow-up on a gluten-containing diet
for at least 12 months rather than immediate duodenal
biopsy.
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