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Abstract

Background—Screening for celiac disease (CD) in children with diabetes is controversial
because no studies have demonstrated metabolic complications in asymptomatic, seropositive
subjects or beneficial effects of dietary intervention.

Objective—We hypothesized that seropositivity to celiac antigens is associated with decreased
growth and bone mineralization in asymptomatic diabetic children.

Design/Methods—Asymptomatic diabetic children were screened for seropositivity to tissue
transglutaminase. Villous atrophy was assessed by small bowel biopsy in a subset of seropositive
subjects. We compared measures of growth and bone mineralization in 30 seropositive subjects,
and 34 matched seronegative controls.

Results—Relative to seronegative controls, the seropositive subjects had reductions in insulin-
like growth factor (IGF) binding protein 3 z scores (p < 0.05) and bone mineral density (BMD) z
scores (p = 0.05). Weight, body mass index, IGF-I, and bone mineral apparent density (BMAD) z
scores were marginally lower, but height z scores were comparable. Seropositive patients with
severe villous atrophy had lower weight (=0.91 SDs), height (-1.1 SDs), BMD (-2.0 SDs), and
BMAD (-2.0 SDs) z scores and significant increases in parathyroid hormone (all p < 0.05). Four
patients with severe villous atrophy maintained strict gluten restriction for at least 12 months.
Gluten restriction increased BMD and BMAD z scores.

Conclusions—High-titer seropositivity to celiac antigens is associated with reductions in weight
and BMD in diabetic children, justifying screening of high-risk patients. Results suggest that
biopsy is required to confirm the diagnosis and assess the severity of CD; those with severe villous
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atrophy are more likely to have growth failure and osteopenia. Gluten restriction may reverse these
complications.
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Celiac disease (CD) is a gastrointestinal disorder caused by sensitivity to the gliadin fraction
of gluten proteins found in wheat, barley, and rye. In genetically prone individuals, exposure
to gluten initiates an inflammatory response in the lining of the small bowel and
development of circulating antibodies to tissue transglutaminase (TGA), to the endomysium,
and/or to gliadin. Patients with classical or clinically overt CD usually complain of
abdominal pain, bloating, and diarrhea. If untreated, the inflammation leads to chronic
malabsorption of macronutrients as well as folate, fat-soluble vitamins, and iron.
Complications may include growth failure, osteoporosis, hepatocellular dysfunction,
anovulation, infertility and habitual miscarriage, neurologic dysfunction, and an increased
risk of small bowel lymphoma (1-8). Currently, the only treatment is strict gluten restriction.

The prevalence of CD in children with type 1 diabetes (1.7-10%) (1, 9-11) exceeds greatly
than that in the general population (0.5-0.8%) (12-14). Interestingly, most patients with
diabetes have a ‘subclinical’ form of the illness; they are seropositive to celiac antigens and
may have pathological changes of the small bowel villi but lack the abdominal symptoms
seen in classical CD. Serologic screening of children with diabetes for CD is controversial
because no studies have demonstrated metabolic complications in asymptomatic,
seropositive subjects or beneficial effects of dietary intervention.

We hypothesized that seropositivity to celiac antigens is associated with decreased
parameters of weight, height, and bone mineralization in asymptomatic children with type 1
diabetes. To that end, we compared baseline weight, height, and bone mineralization and
serum insulin-like growth factor (IGF)-1, IGF-binding protein 3 (IGFBP-3), 25 hydroxy
vitamin D (25 OHD), and parathyroid hormone (PTH) in seropositive children with diabetes
with baseline values in seronegative diabetic controls. We analyzed parameters of weight
gain and growth and bone mineralization in a subset of seropositive subjects who underwent
small bowel biopsy to assess correlations with severity of villous pathology. Finally, we
assessed the changes in growth and bone mineralization in four asymptomatic subjects who
maintained for 1 yr or more a strict gluten-free diet.

Experimental subjects

Children and adolescents receiving care for diabetes at Duke University Medical Center and
Children’s Hospital of Pittsburgh were screened for seropositivity to celiac antigens. The
majority of seropositive and seronegative patients were randomly screened, although some
were tested or rescreened because of (i) unexplained variability in glycemic control; (ii)
recurrent or unexplained hypoglycemia; or (iii) decrease in weight or growth velocity that
could not be explained entirely by glycemic instability or thyroid dysfunction. No patients
complained of persistent abdominal pain, diarrhea, vomiting, or food intolerance prior to
screening. Patients were screened with TGA antibodies and were classified as seropositive if
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TGA titers exceeded 0.05 units by radioimmunoassay (RIA) (15), performed in the
laboratory of Dr George Eisenbarth at the Barbara Davis Center for Childhood Diabetes, or
30 units by enzyme-linked immunosorbent assay (ELISA) (Mayo Medical Laboratories,
Rochester, MN, USA). The cut off RIA value of 0.05 corresponds to three times the highest
value in 184 normal subjects (16). The 30-unit ELISA value is based on a study of 202
normal individuals, two of whom had values of 21 and 24 units, respectively (Mayo Medical
Laboratories). Three patients were identified by high-titer positivity to endomysial
antibodies.

Only the Duke Institutional Review Board approved small bowel biopsies as part of the
protocol. Therefore, the subset of 11 seropositive patients studied at Duke University
underwent small bowel biopsies; a diagnosis of CD was based on histological evidence of
lymphocytic infiltration, blunted villous architecture, and/or crypt hyperplasia. Patients with
type 1 diabetes and no detectable TGA were used to select seronegative controls.
Seronegative controls were matched with seropositive patients according to age (£1 yr),
gender, race, duration of diabetes (x1 yr), and mean hemoglobin Alc (HbALc) (£1%) during
the previous year. Patients with major acute or chronic illnesses other than diabetes or CD
were excluded from the study; however, euthyroid patients taking supplemental thyroxine
were eligible for enrollment. Informed consent was obtained from parents.

Thirty seropositive diabetic patients and 34 seronegative controls were analyzed after initial
screening; 11 of the seropositive subjects underwent small bowel biopsy. The following data
were obtained:

Q) Baseline body weight, height, and body mass index (BMI);

(i) Baseline serum concentrations of IGF-1 (by RIA), IGFBP-3 (by RIA), PTH (by
immunochemiluminometric assay [ICMA]), and 25 OHD (by complete protein
binding after column chromatography). All laboratory studies were performed
by Esoterix (Calabasas Hills, CA, USA);

(iii)  Lumbar spine BMD and lumbar spine BMAD. BMD was assessed by dual-
energy X-ray absorptiometry (Hologic at center #1 and Lunar at center #2).
Daily quality control procedures with a QC spine phantom ensured proper
calibration. BMAD was calculated on the Bone Mineral Density Applet website
(http://www-stat-class.stanford.edu/pediatric-bones/).

Data analysis

Data are reported as absolute values or, when appropriate, as z scores based on population
norms adjusted for age, gender, and race. The z scores for parameters of bone mineralization
were estimated using population norms, adjusting for age and gender (BMD, BMAD, IGF-I,
and IGFBP-3) and race (BMD and BMAD) when appropriate (17, 18). All data are
presented as mean + standard error. Significant differences among sample groups were
tested by anova, followed by the Bonferroni test of comparisons. A p value <0.05 was
considered statistically significant.
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Prevalence of celiac seropositivity in children with diabetes

Prior to and during the course of this study, a total of 612 pediatric patients (aged 2-20 yr)
with type 1 diabetes were screened for seropositivity at Duke Children’s Hospital and the
Children’s Hospital of Pittsburgh; 48 (7.8%) of these proved seropositive for TGA and/or
endomysial antibodies. All seropositive patients except one were Caucasian (97%). Thirty of
the seropositive subjects were eligible for and enrolled in the study. The main reason for
exclusion was incomplete baseline data. They were matched with 34 seronegative controls
according to age (£1 yr), gender, race, duration of diabetes (1 yr), and mean HbAlc (+1%)
during the previous year (Table 1).

Weight, height, growth factors, and bone mineralization in seropositive and seronegative

subjects

Relative to seronegative type 1 diabetic controls, the seropositive subjects had significant
reductions in IGFBP-3 (-1.2 £ 0.13 vs. —0.65 £ 0.17, p < 0.05) and BMD (0.6 + 0.23 vs.
0.05 + 0.23, p = 0.05) z scores. Weight (0.39 £ 0.17 vs. 0.83 £ 0.16, p = 0.06), BMI (0.6
+0.15vs.0.94 + 0.13, p = 0.08), IGF-1 (-1.6 £ 0.22 vs. =1.0 £ 0.17, p = 0.07), and BMAD
(-0.49 £ 0.26 vs. 0.06 + 0.22, p = 0.11) z scores were marginally (but not significantly)
lower in seropositive than in seronegative subjects, and height z scores were comparable
(Table 2). Seronegative diabetic controls had lower serum IGF-1 (-1.0 £ 0.17) and IGFBP-3
(-0.65 + 0.17) z scores compared with published age-matched normal values despite higher
than average body weight (0.83 £ 0.16) and BMI (0.94 + 0.13) z scores (Table 2). Height,
serum 25 OHD, PTH, BMD, and BMAD z scores were all within the normal range.

Correlations between bone mineralization and weight and height z scores, serum IGF-I,
IGFBP-3, PTH, and 25 OHD

In the 64 seronegative and seropositive diabetic patients as a group and in seropositive
patients alone, BMD z score correlated more strongly with weight z score (r =0.57, p <
0.001) and BMI z score (r = 0.51, p < 0.001) than with all other parameters except BMAD z
score (r = 0.85). BMD z score also correlated positively with height z score (r = 0.36, p <
0.004) but not with IGF-I z score, IGFBP-3 z score, PTH, or 25 OHD. BMAD z score, like
BMD z score, correlated most strongly with weight z score (r = 0.36, p < 0.004) and BMI z
score (r=0.29, p < 0.02).

Relations between height and bone mineralization and severity of villous pathology

Eleven seropositive subjects underwent small bowel biopsy; of these, nine had findings
diagnostic of CD. Six of those with histologic features of CD had TGA titers exceeding 150
units (ELISA); the other three had marked elevations (1:1280-1:6400) in endomysial
antibody titres (Table 3). Five had severe villous atrophy (near total or total villous atrophy
with crypt hyperplasia and increased intraepithelial lymphocytes), and four had partial
villous atrophy (villous blunting with increased numbers of intraepithelial lymphocytes).
Four of the five with severe villous atrophy and the four with partial villous atrophy had
complete baseline studies. Relative to seronegative controls, the seropositive subjects with
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severe villous atrophy had significant reductions in weight (-0.91 + 0.37 vs. 0.83 £ 0.16, p <
0.001), height (-1.12 £ 0.45 vs. 0.17 + 0.16, p < 0.05), BMI (-0.29 + 0.39 vs. 0.94 + 0.13, p
< 0.01), BMD (-2.04 + 0.42 vs. 0.05 + 0.23, p < 0.05), and BMAD (-2.03 + 0.55 vs. 0.12
+0.22, p < 0.01) z scores and had increased levels of PTH (65.3 + 33.6 vs. 33.3 £ 1.9
pg/mL, p < 0.05, Figs 1 and 2). In contrast, body weight, height, and PTH were normal in
patients with partial villous atrophy, although BMD (-1.57 + 0.68) and BMAD (-1.69

+ 1.06) z scores were marginally reduced. Serum IGF-1 and IGFBP-3 z scores and 25 OHD
levels did not differ significantly among the three groups.

Effects of gluten restriction on growth and bone mineralization in subjects with subclinical

CD

A gluten-free diet was recommended for all patients with histologic evidence of CD. Four
patients with severe villous atrophy followed a strict gluten-free diet; adherence to the diet
was confirmed by normalization or marked reduction in TGA titers (Table 3). After 12-48
months, there were increases in growth velocity with trends toward increases in height (from
-1.11t00.16, p = 0.02), weight (from —1.18 to 0.16, p = 0.04), BMI (from —0.69 to —-0.14, p
=0.93, Fig. 3), BMD (from -1.79 to 0.68, p = 0.07), and BMAD (from -1.6 to —0.63, p =
0.14, Fig. 4) z scores.

Final adult heights in seropositive and seronegative subjects

Final adult height was available for 10 seropositive patients and 10 seronegative controls.
Final height was 3.1 + 2.5 cm below mid-parental height in seropositive patients and 3.0

+ 2.8 cm below mid-parental height in seronegative patients. Seropositive patients who
followed a gluten-free diet (n = 3) had final adult heights 1.1 + 4.9 cm below mid-parental
height, whereas seropositive patients who did not follow a gluten-free diet (n = 7) had final
adult heights 4.3 £+ 3.7 cm below mid-parental height.

Discussion

Previous studies have examined the rates of growth and bone mineralization in children with
and without diabetes and adults with classical symptomatic CD (1, 19-21). Our study differs
from previous studies in its focus on asymptomatic children with seropositivity to TGA. We
elected to study children lacking the classic gastrointestinal symptoms because the great
majority of children with diabetes with CD have a subclinical form of the illness (22) and
would not have been diagnosed during routine pediatric care.

Relative to seronegative diabetic control subjects matched for gender, age, race, duration of
diabetes, and mean HbA1lc, our seropositive subjects had significant reductions in IGFBP-3
and BMD z scores and marginal reductions in weight, BMI, IGF-I, and BMAD z scores.
Height z scores in the two groups, however, were comparable. BMD z scores correlated
more strongly with weight and BMI z scores than with all other parameters except BMAD z
scores (r = 0.85); thus, the major effect of celiac seropositivity on bone mineralization may
be mediated through effects on nutrient absorption, which in turn modulates hepatic GH
sensitivity (23-26) and IGF-1 and IGFBP-3 expression (27-29). Nevertheless, weight and
BMI alone cannot be used to identify patients with bone demineralization because some
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patients with marked reductions in BMD and BMAD have weight and BMI z scores that fall
within the normal range for age and gender; for example, the Duke patient with lowest BMD
z score had ‘normal’ weight (-0.23) and BMI (-0.55) z scores prior to gluten restriction.

The results of previous investigations (16, 30, 31) and the findings of this study suggest that
the great majority of subjects with diabetes with high-titer TGA or endomysial seropositivity
(TGA > 150 units by ELISA and endomysial antibody titers > 1:1280) have a form of
subclinical CD with histological evidence of villous pathology. Nevertheless, 2 of 11
seropositive subjects in our study who underwent small bowel biopsy had no evidence of
villous atrophy, and a chart review of Duke patients performed subsequent to completion of
this study found that 3 of 14 additional seropositive children with diabetes had normal small
bowel biopsies. Two of these subjects had very high TGA titers (>250 units by ELISA).
Thus, seropositivity alone does not guarantee the presence of active villous inflammation
detectable on biopsy; the latter is established by small bowel biopsy during a period of
normal gluten intake.

The severity of villous pathology correlated with severity of growth failure and bone
demineralization in the 11 seropositive subjects who underwent small bowel biopsy. The
greatest reductions in weight, height, and bone mineralization and the highest levels of PTH
were detected in seropositive subjects with severe villous atrophy. In contrast, body weight,
height, and PTH were normal in patients with partial villous atrophy, although BMD and
BMAD were reduced non-significantly in the small number of patients studied. Thus,
patients with diabetes with subclinical CD are at highest risk for growth failure and bone
demineralization if they have severe villous atrophy.

Previous studies showed that gluten restriction can reverse complications and may normalize
bone mineralization in classical symptomatic CD (2, 5, 7, 32, 33). In our subset of biopsy-
confirmed patients with severe villous atrophy, gluten restriction increased rates of linear
growth and bone mineralization. This preliminary observation suggests that early
intervention in asymptomatic patients with severe gastrointestinal inflammation may provide
long-term benefits for growth and bone health. Our findings lend support to the position that
children with diabetes should be screened for CD and treated if pathological changes are
detected on small bowel biopsy. Gluten-free foods are increasingly available in local markets
and on the internet but may be deemed less palatable by treated subjects in the USA. Also,
dietary restriction presents challenges for children and families already stressed by type 1
diabetes; thus, long-term dietary compliance remains problematic for many.

This pilot study has a number of limitations including relatively small sample size and the
use of different assays for measuring TGA. In addition, BMD and BMAD were assessed
using different machinery (Hologic and Lunar) in the two study centers and the results were
not corrected for bone age. Nevertheless, our findings support the hypothesis that
seropositivity to TGA and asymptomatic CD may be associated with decreased weight gain
and bone demineralization in children with type 1 diabetes. Our very preliminary findings
suggest that gluten restriction may increase growth and bone mineralization in children with
diabetes with severe villous atrophy even in the absence of gastrointestinal symptoms.
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Figure 1.
Bone mineral density (BMD) and bone mineral apparent density (BMAD) z scores, serum

parathyroid hormone (PTH) and 25 hydroxy vitamin D (25 OHD) levels in seronegative
(control, n = 34) and seropositive children whose biopsies showed partial (n = 4) or severe (n
= 5) villous atrophy.
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Figure 2.
Weight, height, and body mass index (BMI) z scores in seronegative (control, n = 34) and

seropositive children whose biopsies showed partial (n = 4) or severe (n = 5) villous atrophy.
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Figure 3.
Changes in height, weight, and body mass index (BMI) z scores in seropositive children (n =

4) with severe villous atrophy who followed a strict gluten-free diet (GFD).
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Figure 4.

Changes in bone mineral density (BMD) and bone mineral apparent density (BMAD) z
scores in seropositive children (n = 4) with severe villous atrophy who followed a strict
gluten-free diet.
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Alc (%)

Table 1
Summary of patient characteristics
TGA(+)(n=30) | TGA(-)(n=34) | p Value

Age (yr) 12.4+0.78 12.5+0.56 0.89
Race (% Caucasian) | 97 100

Females (%) 50 (n =15) 56 (n =19) 0.44
Duration of type 1 7.1+0.89 6.8+0.74 0.81
diabetes (yr)

Average hemoglobin | 8.04 +0.19 8.05+0.13 0.96

TGA, tissue transglutaminase.

Values are mean + standard error.
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Summary of clinical and laboratory data in seropositive vs. seronegative children with type 1 diabetes

Table 2

TGA (+)
Weight 0.39+0.17
Height -0.15+0.18
BMI 0.6 £0.15
BMD -0.6+0.23
BMAD -0.49 +£0.26
IGF-1 -1.6+0.22
IGFBP-3 -1.2+0.13

Parathyroid hormone (pg/mL) 379+5.1
25 hydroxy vitamin D (ng/mL)  24.96+ 1.5

TGA (-)

0.83+0.16
0.17+0.16
0.94+0.13
0.05+0.23
0.06 +£0.22
-1.0+0.17
-0.65+0.17
33.3+19
26.93+13

P
Value

0.06
0.17
0.08
0.05
0.11
0.07
0.03
0.38
0.32

Page 14

BMAD, bone mineral apparent density; BMD, bone mineral density; BMI, body mass index; IGF-1, insulin-like growth factor I; IGFBP-3, insulin-

like growth factor binding protein-3; TGA, tissue transglutaminase.

Weight, height, BMI, IGF-I, and IGFBP-3 reported as z scores normalized for age and gender. BMD and BMAD reported as z scores normalized
for age, gender, and race. Values are mean + standard error.
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Table 3

Summary of antibody titers and HbAlc before and after gluten-free diet

Subject  Antibody titer Prediet Biopsy  Gluten-free  Postdiet Postdiet

HbA1lc (%) result diet TGA titer HbAlc (%)
Endomysial,
1 1:6400 7.8 Severe + 9.7 7.6
2 TGA < 250 8.3 Severe - n/a n/a
3 TGA < 250 9.7 Partial - n/a n/a
4 TGA <250 7.8 Severe + 9.8 75
5 TGA =159.2 8.1 Partial + 49 10.8
Endomysial,
6 1:1280 7.6 Severe + 69 8.8
Endomysial,
7 1:6400 8.3 Severe + 75.5 8.2
8 TGA < 250 12.3 Severe - n/a n/a
9 TGA < 250 6.6 Partial + 18 9.4
10 TGA =107.5 10.9 Negative - n/a n/a
11 TGA =805 8.3 Negative - n/a n/a

HbAlc, hemoglobin Alc; TGA, tissue transglutaminase; n/a, not applicable.
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