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Objectives: To investigate the seroprevalence of
coexisting autoantibodies among type 1 diabetes
mellitus (T1IDM) patients, and to look for possible
correlations with age at diagnosis, diabetes duration,
and glycemic control.
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Methods: This is a cross-sectional study conducted
at Aseer Central Hospital, Abha, Kingdom of Saudi
Arabia from March 2013 to June 2014. A total
of 202 TIDM patients were screened for serum
anti-thyroglobulin  (TG), anti-thyroid peroxidase
(TPO), anti-tissue transglutaminase (aTTG), anti-
endomysial (EMA), and anti-cyclic citrullinated
peptide (anti-CCP) antibodies along with glycated

hemoglobin, and biometric data.

Results: From the 202 T1DM patients (96 males,
and 106 females) (mean age: 11.3 years), 33 (16.3%)
were positive for thyroid autoantibodies. Specifically,
19 (9.4%) were positive for TG and 25 (12.8%)
were positive for TPO, and 11 were double positive.
There were 21 (10.4%) patients that showed a
double positive for both aTTG-IgA and EMA, and
only one case of TIDM was positive for anti-CCP.
No significant correlations were noticed between the
presence of autoantibodies and the age at diagnosis,
diabetes duration, body mass index, and glycemic
control.

Conclusion: The prevalence of thyroid and celiac
disease autoantibodies is high among T1DM patients,
while anti-CCP remains low and might be weakly
associated with T1IDM in the southwestern region
of Saudi Arabia. No significant correlation between
the age at TIDM diagnosis, duration, and glycemic
control, and the presence of autoantibodies was

found.
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Type 1 diabetes mellitus (TIDM) is one of the most
common autoimmune disorders in children and
adolescents, characterized by immune auto-reactivity
towards insulin-producing f-cells, leading to their
destruction. Coexistence of autoimmune diseases, such
as celiac disease and autoimmune thyroid diseases with
T1DM is well known."* Reports showed approximately
1-10% prevalence of celiac disease, and up to 30%
of thyroid autoimmune diseases among patients with
T1DM.** The presence of autoantibodies in the serum
of patients is the best indicator for estimating the
occurrence of clinically apparent autoimmune thyroid
diseases.’ Autoimmune thyroiditis is the most common
autoimmune disease associated with TIDM.? The
main serum thyroid autoantibodies in autoimmune
thyroid diseases are anti-thyroid peroxidase (TPO),
anti-thyroglobulin (T'G), and anti-thyroid stimulating
receptor (TSH) antibodies.*® The presence of thyroid
autoantibodies in T1DM patients has been reported
to be 4 times higher than in normal populations,
and increases the risk of developing autoimmune
thyroiditis 18 folds in comparison with patients with
no antibodies.”” In a follow-up study, approximately
half of the TIDM patients with elevated anti-TPO
developed autoimmune thyroiditis within 3-4 years.”
The International Society for Pediatric and Adolescent
Diabetes (ISPAD) recommended investigating anti-
thyroid autoantibodies after T1DM diagnosis, in
addition to other annual checks in asymptomatic
individuals.? The T1DM patients are significantly
more likely to develop celiac disease than non-diabetic
subjects.*” Two main antibodies have been confirmed
for use as a diagnostic tool for celiac disease screening;
anti-tissue  transglutaminase (TTG), and anti-
endomysial antibodies (EMA). These tests have high
sensitivity rate, and patients with high positive titer for
aTTG together with positive EMA and HLA DQ2 or
DQ8 is most likely to have celiac disease, and diagnosis
can be confirmed without intestinal biopsy in the
presence of clinical suspicion.'®"? In contrast to celiac
disease and autoimmune thyroiditis, rheumatic disease
screening is limited, and the suggested association is
based on individual cases, or familial studies.’>'* The
T1DM autoantibodies among different ethnic groups
have been assessed and were shown to be varied."” There
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is a shortage of data on the prevalence of autoimmune
thyroid diseases among T1DM patients in the southern
region of Saudi Arabia. The aim of the current study
is to investigate the prevalence of thyroid, celiac and
rheumatoid disease autoantibodies among T1DM
patients in the Aseer region and to look for possible
correlation with different factors such as age at diagnosis,
diabetes duration and glycemic control.

Methods. A total of 202 children with TIDM
attending the Diabetes Center at Aseer Central
Hospital, the main tertiary hospital in Aseer region
in southwest Saudi Arabia were enrolled in the study
from March 2013 to June 2014. Approval for the study
was obtained from the institutional research ethical
committee. Consents for the research proposal and
objectives were provided by the patients” parents, or by
the adult patients themselves. The patients underwent
clinical examination followed by blood sampling. Sera
were then tested for the following antibodies: aTTG;
EMA; anti-cyclic citrullinated peptide (anti-CCP); TG,
and TPO antibodies in addition to the level of glycated
hemoglobin (HbAlc).

The aTTG immunoglobulin (Ig) A antibody.
Anti-tissue transglutaminase IgA antibodies were
measured in TIDM patients serum samples using
commercially  available  indirect  enzyme-linked
immunosorbent assay (ELISA) kits (IMTEC, Marine
Germany GmbH, Hamburg, Germany). Briefly, serum
samples were diluted 1:101 using sample diluents and
100 pl of each of serum sample, controls and calibrators
(in duplicate) were added to appropriate ELISA plate
wells, and the plates were incubated for 45 minutes at
room temperature. At the end of the incubation period,
the plates were washed manually 3 times, and 100 pl of
enzyme-conjugate mixture was added to all wells and
incubated for 30 minutes at room temperature. Then
the plates were washed 3 times as previously described,
and 100 pl of substrate mixture was added to all
wells, and the plates were incubated in the dark for 15
minutes at room temperature. The reaction was stopped
by addition of 100 ul stop solution (0.5 M sulfuric Acid
[H,SO,]) and the plates were bichromatically read at
450 nm and 620 nm using ELISA reader, HumaReader
(HUMAN Diagnostics, Wiesbaden, Germany). The
levels of antibodies in the patient’s sera were calculated
using an ELISA point to point generated standard
curve.

The TG and TPO IgG antibodies. Testing for TG

and TPO antibodies was carried out using commercially
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available indirect ELISA kits IMTEC, Germany). For
both tests, serum samples were diluted 1:101 using
sample diluentand 100 pl of each serum sample, controls
and calibrators (in duplicate) were added to appropriate
ELISA plate wells, and well A1 was used as a blank
(100 pl of sample diluent). The plates were incubated at
room temperature for one hour, then washed manually
3 times with 300 pl of diluted wash buffer followed by
addition of 100 pl of conjugate solution to all wells and
incubated for 30 minutes at room temperature. At the
end of the incubation period, the plates were washed
3 times, and 100 pl of substrate mixture was added to
all wells, and plates were incubated in the dark for 10
minutes at room temperature. The reaction was stopped
by addition of 100 ul stop solution (0.5 M H,SO,),
and the plates were bichromatically read at 450 nm
and 620 nm using ELISA reader Humareader (Human,
Germany). The levels of antibodies in patients’ sera were
calculated using an ELISA point-to-point generated
standard curve.

The anti-CCP IgG antibody. Anti-CCP antibodies
were screened using commercially available indirect
ELISA kits (IMTEC, Hamburg, Germany). Serum
samples were diluted 1:50 using sample diluent and
100 pl of each serum samples, controls and calibrators
(in duplicate) were added to appropriate ELISA plate
wells, and well A1 was used as a blank (100 pl of sample
diluent). The plates were incubated at room temperature
for one hour, manually washed 3 times with 300 pl of
diluted wash buffer, followed by addition of 100 ul
of conjugate solution to all wells and incubated for
30 minutes at room temperature. At the end of the
incubation period, the plates were washed 3 times, and
100 pl of substrate mixture was added to all wells, and
plates were incubated in the dark for 30 minutes at room
temperature. The reaction was stopped by the addition
of 100 pl stop solution (0.5 M H,SO,) and the plates
were bichromatically read at 450 nm and 620 nm using
ELISA reader, Humareader (HUMAN Diagnostics,
Wiesbaden, Germany). The levels of antibodies in
patient’s sera were calculated using an ELISA point to
point generated standard curve.

Anti-endomysial IgA antibody. Anti-endomysial
IgG antibody was screened in patients samples using
commercially available indirect immunofluorescent test
(IMMCO Diagnostics, Buffalo, USA). Patients serum
samples were diluted 1:2.5 using sample diluents, and
one drop (approximately 50 ul) of controls and diluted
patients serum samples were added to appropriate
wells on slides and incubated for 30 minutes in a
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humidity chamber at room temperature. At the end of
the incubation period, the slides were washed for 10
minutes in a plastic staining jar using reconstituted
washing buffer with gentle agitation from time to time.
Subsequently, one drop of fluorescein isothiocyanate
(FITC)-anti-IgG conjugate was added to all wells and
incubated for 30 minutes in a humidity chamber at
room temperature. Then the slides were washed one
more time as previously described, and one drop of
mounting medium was added and a cover slip applied.
The results were read under a fluorescent microscope
model Eclipse 50i (Nikon, Tokyo, Japan) at a total
magnification of 200x and 400x.

Collected patients’ data and results of antibodies and
HbAlc testing and disease duration, age at diagnosis,
and biometric data were analyzed using the Statistical
Package for Social Sciences Program version 16 (SPSS
Inc, Chicago, IL, USA). P<0.05 were considered
significant using independent paired t- and Chi square
tests.

Results. The study involved 202 patients with 96
males (47.5%) and 106 females (52.5%) with TIDM
who had been screened for aTTG, EMA, TPO, TG,
and anti-CCP antibodies with age range of one to 21
years, and mean age of 11.3 + 3.9 years. The mean age
at T1IDM diagnosis was 7 + 3.7 years (range: one to 17
years). The duration since diagnosis ranged from 0-13
years with a mean of 4.7 + 3 years. Thirty-three patients
(16.3%) with T1IDM showed either anti-TPO or
anti-TG positive antibodies. The total number of patients
with positive anti-TPO antibodies was 25 (12.8%) with
8 males and 17 females, while there were 19 positive
anti-TG antibody patients (9.4%), and 12 of them
were females. Eleven patients (5.4%) showed a double
positive for both anti-TPO or anti-T'G antibodies, 7 of
them were female and 4 were male (Table 1). The age
group with the highest level of autoimmune thyroid

Table 1 - Autoantibodies among type 1 diabetes mellitus patients.

Autoantibodies Positive Gender %  Equivocal number
N Male Female n (male, female)

TPO 25 8 17 12.4 5(1, 4)

TG 19 7 12 9.4 22(9,13)

alTG-IgA 22 8 14 10.7 4(2,2)

EMA 21 8 13 10.4 52 (49, 3)

Anti-CCP 1 - 1 0.5 -

TPO - anti-thyroid peroxidase, TG - anti-thyroglobulin,
aTTG - anti-tissue transglutaminase, EMA - anti-endomysial antibodies,
anti CCP - anti-cyclic citrullinated peptide. Equivocal - low positive
samples lower than, equal, and approximate cut-off point
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antibodies was 10-15 years (11 cases) followed by the
5-10 year age group (7 cases). Twenty-one (10.4%) of
202 T1DM patients showed a positive result for both
aTTG-IgA and EMA (13 females and 8 males). Three
patients showed low positive results for both tests (low
titer for aT TG-IgA and weak positivity for EMA). One
patient showed a low positive result for aTTG only,
and 2 showed a low positive for EMA antibody alone.
All low or weak positive results were not considered as
valid positives and were regarded as equivocal (Table 1).
The anti-CCP IgG antibody was positive in only one
patient with T1DM and when repeated after a 6-month
interval was four times higher in titer quantity than the
first test. She was 16-years old and had no other positive
results for other autoantibodies investigated.

For possible correlations between the presence
of autoantibodies and age at diagnosis and diabetic

Table 2 - Comparison of type 1 diabetes mellitus patients with positive
and negative celiac autoantibodies.

Variables Positive * Negative*  P-value
N (%) 21 (10.4) 181 (89.6)
Gender 0.36
Male 8 88
Female 13 93
Mean age at diagnosis + SD, years 7.2 + 3.6 3.1+3.1 0.07
Mean duration + SD, years 4.6 +3.0 4.9+3.0 0.76
Initial presentation 0.48
Hyperglycemia 105 12
DKA 70 9
HbAlc, mean + SD 10.61£1.9 10.18 +1.8 0.36
BMI, mean + SD 18.7 + 4.1 17.7+2.9 0.30

*Positive and negative for celiac autoantibodies (anti-tissue
transglutaminase and anti-endomysial antibodies). SD - standard
deviation, DKA - diabetic ketoacidosis, HbAlc - glycated hemoglobin,
BMI - body mass index

Table 3 - Comparison of type 1 diabetes mellitus patients with positive
and negative thyroid autoantibodies.

Variables Positive * Negative®  P-value
N (%) 33 (16.3) 169 (89.6)
Gender <0.05
Male 11 85
Female 22 84
Mean age at diagnosis + SD, years 6.9+3.6 8.0 +3.6 0.08
Mean duration + SD, years 5.4+3.1 4.6+3.2 0.12
Initial presentation 0.21
Hyperglycemia 20 97
DKA 13 66
HbAlc, mean + SD 10.21+£19 10.18+1.9 0.84
BMI, mean + SD 19.0 + 4.0 18.5+3.9 0.42

*Positive and negative for thyroid autoantibodies (anti-thyroid peroxidase
and anti-thyroglobulin). SD - standard deviation,
DKA - diabetic ketoacidosis, HbAlc - glycated hemoglobin,
BMI - body mass index

duration, both factors were analyzed along with HbAlc,
to monitor the effect of the presence of autoantibodies
on glycemic control. No significant variations were
found in the initial presentation between positive
and negative thyroid and celiac antibodies among
T1DM patients. A total of 59.8% of patients in the
control non-thyroid T1IDM group presented with only
hyperglycemia, and 40.2% presented with diabetic
ketoacidosis (DKA), and 60.6% (20 of 33) of thyroid
positive patients presented with hyperglycemia versus
39.4% (13 of 66) who presented with DKA. No
significant variations were noticed in glycemic control,
duration of diabetes, and age at presentation in patients
with positive autoantibodies for both celiac and thyroid
diseases in comparison to negative autoantibodies
T1DM patients. Details of initial presentation, disease
duration, glycemic control, and body mass index are
shown in Tables 2 & 3.

Discussion. This study reports the high
prevalence of autoantibodies in both thyroid and celiac
diseases associated with TIDM in patients from the
southern region of Saudi Arabia. For thyroid disease,
approximately 16.3% patients presented with at least
one antibody, 12.4% were significantly positive for
anti-TPO and 9.4% for anti-TG. The prevalence of
thyroid autoantibodies is similar to the prevalence
measured in the Western (Jeddah; 14%)'¢ but higher
than Central KSA (Riyadh; 8.1%)."” The prevalence of
T1DM reported in Jordan (9.2%),'® Egypt (12%),"
and Sudan (7.3%)* showed some variations, and
a much higher prevalence was reported in studies
of thyroid autoantibodies in T1DM children from
Kuwait (24.6%),' and Libya (31.4%).” Global
variations in prevalence have been shown in different
studies. A European study showed positivity of thyroid
autoantibody as 18.7% among 219 T1DM patients,’
while a large-cohort multicenter study in Germany
and Austria showed that the prevalence of thyroid
autoantibodies was 21.6% among T1DM patients.”
This could be explained by genetic differences or
environmental factors, such as iodine deficiency, which
could have an effect on the thyroid function in some
populations. Additionally, autoantibody results have
proved to be significantly different depending on the age
of the group and the duration of the diabetes.'®* The
SaudiFood and Drug Association (SFDA) recommended
iodine supplements to salt to reduce the risk of thyroid
dysfunction. In the present study, doubtful low positive
results were excluded, since including them alters the
prevalence to 21.3%. In contrast to low positive titer,
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which can be detected in the normal population, high
titer of thyroid autoantibodies is significantly related
to thyroid autoimmune disorders.?* In general, a high
number of T1DM patients have associated autoimmune
thyroid diseases and monitoring the thyroid function in
this group is required.

From the total number of TIDM patients, 10.4%
were double positive for celiac disease for both aTTG
and EMA. In contrast to thyroid autoantibodies, which
can be in a sub-clinical status for a long time, aTTG
and EMA are highly sensitive and specific antibodies
and mostly associated with some stage of intestinal
abnormality.'®'? All patients with positive EMA in a
follow-up study developed celiac disease at some point
in the future.” Both antibodies were recommended for
celiac screening in T1DM patients and are a significant
predictor of celiac disease.’ A meta-analysis review of data
for 26,605 patients estimated a worldwide prevalence
of biopsy proven celiac disease among T1IDM to be
6%. However, a wide variation was noted as in France
it was 1.6%, USA 4.6-7.0%, Italy 3.6-6.6%, Sweden
9-9.7%, and 3.3-4.0% in the United Kingdom.? This
variation could be attributed to the duration of the
disease and the age at diagnosis, in addition to genetic
susceptibility.”” There was no previous data for celiac
disease prevalence in the southern region in Saudi
Arabia. Our study showed that celiac disease prevalence
in T1IDM is 10.4%, which is similar to other national
studies. Recent studies of celiac disease among T1DM
patients showed similar prevalence in Riyadh with
11.3%, and 11.2% in Jeddah.?%

Anti-CCP results showed a low prevalence (one in
202 cases), and there might be a weak association of this
antibody with TIDM. The prevalence of a rheumatoid
arthritism (RA)-specific antibody was 0.5%, which is
similar to the normal population ratio of anti-CCP."
The anti-CCP is one of the most important serological
tests for RA diagnosis (specificity; 96-98% and
sensitivity approximately 68%), and is superior for
detection of RA in the early stages rather than other RA
serological markers.*® Data available on the association
between T1IDM and RA, and specifically anti-CCP
are limited. Most of the articles that found any sort of
association were limited to reported cases of juvenile RA
or familial association of TIDM with thyroid diseases
and rheumatoid arthritis."* Weak association between
TIDM and RA has been reported previously with
either rheumatic factors or anti-CCP, confirming our
findings."

No correlations between the presence of thyroid and
celiac autoantibodies and factors, such as gender, age
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at diagnosis, and duration of diabetes were observed.
However, females showed a 2-fold frequency (22 female
versus 11 males). The specific gender factor makes a
significant difference in thyroid antibody levels during
puberty.®! No significant effect was found between the
presence of these autoantibodies and diabetic control or
BMI, which could be due to the status of sub-clinical
thyroid disease. In contrast to hyperthyroidism, glycemic
control is not often much affected by hypothyroidism.?
Both TPO and TG, the autoantibodies measured in
this study, were associated highly with hypothyroidism.
We found that celiac disease patients were similar in
glycemic control to non-celiac TIDM patients. Celiac
disease is known to be linked more with hypoglycemic
attacks with unexplained reduction of insulin doses and
is not necessarily associated with poor growth or poor
diabetic control.? Presence of thyroid and celiac diseases
autoantibodies might not be the major factor affecting
the glycemic control in TIDM. One of the factors
most affecting glycemic control and body weight is the
pubertal age due to changes in eating habit, lifestyle and
decreased care from parents.'®

The limitations of the study are the need for proven
biopsy diagnosis of celiac cases, and measurement
and follow-up of positive thyroid patients in order to
find out the precise prevalence of thyroid and celiac
diseases among those patients. It seems that there was
no previous data on both autoantibodies among T1DM
in southern region. Additionally, reports regarding the
prevalence of anti-CCP among T1DM are very limited
in literature.

In conclusion, the prevalence of thyroid and celiac
disease autoantibodies is high among patients with
T1DM in the southern region of Saudi Arabia, and
is similar to the prevalence in the central and western
areas. Anti-CCP prevalence is low and might be weakly
associated with TIDM. No significant correlation was
found between the age of the patient when diagnosed
with TIDM, duration of the disease and glycemic
control, and the presence of thyroid and celiac diseases
autoantibodies.
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