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Type 1 diabetes mellitus (DM) and rheumatoid arthritis (RA) have been 
reported to occur concurrently in some cases. This study aimed to evaluate 
the presence of anti-cyclic citrullinated peptide (CCP) antibodies, which have 
been reported to have diagnostic value for RA, in children with type 1 DM. 
The study included 90 children with type 1 DM (Group 1) and 76 control 
cases (Group 2). The rates of reported family histories of RA and rheumatoid 
factor positivity did not differ between groups. In group 1, one case (1.1%) 
was positive for anti-CCP antibodies, whereas none of the controls were 
positive. The anti-CCP positive patient had no relevant joint complaints. 
Anti-CCP antibodies were rarely found in cases of pediatric type 1 DM. Thus, 
relevant screening in the follow-up of pediatric patients does not appear to be 
rational in the absence of any signs or symptoms of arthritis. The single case 
exhibiting a high anti-CCP level needs to be followed up for RA, although 
this positive result might be nonspecific and transient.
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Type 1 diabetes mellitus (DM) is a chronic 
disease that results from the autoimmune 
destruction of pancreatic beta cells by T 
lymphocytes1. Autoimmune diseases such as 
autoimmune thyroid disease, celiac disease, 
autoimmune gastritis, and Addison’s disease 
are generally known to occur concurrently 
with type 1 DM2. In addition, sporadic and 
familial concurrences of rheumatoid arthritis 
(RA) and type 1 DM have been reported3,4. 
Genetic susceptibility to both diseases has been 
attributed to the protein tyrosine phosphatase 
N22 gene (PTPN22) 620W allele, which has 
been associated with multiple autoimmune 
phenotypes5,6.

Rheumatoid arthritis (RA) is characterized by 
chronic inflammation of the synovial joints, 
leading to progressive joint erosion and, 
consequently, disability. Therefore, diagnosis 

before the occurrence of joint damage is 
important. To this end, anti-cyclic citrullinated 
peptide (anti-CCP) antibodies comprise a 
new group of autoantibodies reported to be 
of diagnostic and predictive value for RA. 
Despite exhibiting a similar level of sensitivity, 
the specificity of anti-CCP for distinguishing 
between RA and other rheumatic diseases is 
superior to that of rheumatoid factor (RF)7. 
Adult studies of the association between type 
1 DM and anti-CCP-detected RA have been 
inconclusive8,9. Furthermore, few published 
studies evaluated anti-CCP antibody positivity 
in children with type 1 DM.

The reported frequency of anti-CCP positivity 
among healthy adults ranges from 0.4 to 
2.6%7.10-12. In a recent study, Nisihara et 
al.13 investigated the prevalence of anti-CCP 
antibodies among Down syndrome patients 
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because of the known association of this 
syndrome with an increased frequency of 
autoimmune diseases such as type 1 DM. 
A high prevalence, 52.3%, was observed in 
this population and was attributed to the 
presence of anti-CCP as an early marker of 
rheumatic disease or as part of the spectrum 
of immune abnormalities observed in patients 
with this syndrome. Besides, authors of a 
cohort study including 1453 patients with 
Down syndrome reported no association 
between the syndrome and RA, although several 
patients with inflammatory joint disease were 
described14. 

Few data exist regarding prevalence of anti-
CCP antibodies in children with type 1 DM 
and, consequently, it is not clear if anti-CCP 
positivity would be an important finding or not 
in such patients. So, we aimed to determine 
the frequency of anti-CCP antibodies among 
a cohort of children with type 1 DM.

Material and Methods

This study was performed between December 
2013 and March 2014. Diagnoses of type 1 
DM were made according to the International 
Diabetes Federation criteria15. Patients with 
type 1 DM and known positivity for at least 1 
pancreatic islet autoantibody (e.g., anti-glutamic 
acid decarboxylase [anti-GAD] antibodies, 
islet cell antibodies [ICA], and anti-insulin 
antibodies) at the time of diagnosis were 
included in Group 1. The control group (Group 
2) comprised of subjects without any chronic 
or autoimmune disease, who were evaluated 
for acute problems or routine control in the 
outpatient clinics.

The subjects were assessed for history of a 
chronic non-diabetic disease, joint involvement, 
or a familial history of RA. Individuals in 
both groups underwent a thorough physical 
examination prior to the study, and none of 
them exhibited any joint complaints or arthritis. 
During the day of the data collection, venous 
blood sample of 5 ml was drawn from left 
antecubital vein of each subject, centrifuged 
at 1600 x g for 15 minutes, and separated 
serum samples were stored at -20ºC until the 
analysis was performed.

In the diabetes group, the serum levels of 
anti-thyroglobulin (anti-TgAb; reference range, 
0–20 IU/ml) and anti-thyroid peroxidase (anti-

tPOAb; reference range, 0–34 IU/ml) antibodies 
and positivity for anti-gliadin immunoglobulin 
(Ig) A, anti-gliadin IgG, and anti-endomysial 
antibodies during the previous 1-year period 
were recorded from the medical records. For 
each patient, the mean HbA1c levels were 
calculated using the results from the previous 
1-year period.

Anti-CCP IgG antibody levels in sera 
were measured using a commercial solid 
phase, 2-cycle sequential chemiluminescent 
immunometric assay kit (IMMULITE 2000/
XPi;  Siemens AG, Munich, Germany). 
According to the manufacturer’s manual, 
clinical sensitivity was 78.2%, and clinical 
specificity was 99.5%. Within-run precision 
and coefficient of variation were <11% and 
<19%, respectively. In accordance with the 
manufacturer’s recommendations, cases with 
anti-CCP antibody levels >4 U/ml were 
considered positive for anti-CCP. RF status 
was determined via turbidimetry (Aeroset 
and Architect; Abbott Diagnostics, Barcelona, 
Spain). Values <30 IU/mL were considered 
negative.

After providing relevant information, written 
informed consent was obtained from the 
parents or legal guardians of all children 
participating in the study, and an extra volume 
of blood was drawn at the time of routine 
venipuncture. The study protocol was approved 
by the Ethics Committee of our institute and 
was performed in compliance with the World 
Medical Association Declaration of Helsinki.

Statistical Analysis

Statistical data analysis was performed using 
SPSS 17.0 software (SPSS, Inc., Chicago, IL, 
USA). Student’s t test was used to compare 
continuous variables and data were presented as 
mean ± standard deviation. When distribution 
of variables did not satisfy normal distribution 
assumptions, Mann-Whitney U test was used 
and data were presented as median (minimum 
and maximum). The chi-square test or Fisher’s 
exact test was used to compare categorical 
variables. A p value <0.05 was considered 
significant.

Results

The study included 90 children with type 
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1 DM (Group 1, male/female: 46/44; mean 
age: 10.5 ± 3.9 years) and 76 control cases 
(Group 2, male/female: 34/42; mean age: 9.8 
± 3.7 years). The clinical and laboratory data 
are shown in Table I. The groups were similar 
with regard to age and gender. In group 1, 
the mean duration of type 1 DM was 2.1 ± 
1.9 years, and the mean HbA1c value and 
mean insulin requirement were 9.65 ± 1.98% 
(range: 6.12–15.75) and 0.85 ± 0.28 IU/kg/
day, respectively. The 2 groups did not differ in 
terms of family history of RA and RF positivity.

In group 1, the positivity rates for at least 
1 anti-thyroid and celiac autoantibody were 
19.8% and 10%, respectively while only 1 
case (1.1%) exhibited anti-CCP antibody 
positivity (5 U/ml, normal: <4.00 U/ml); 
whereas none of the controls were positive (p 
= 0.999). The single positive case in group 1 
was a 9.5-year-old boy with no family history 
of RA and no relevant joint complaints or 
findings. He had been diagnosed with type 1 

DM 2 months earlier and exhibited positivity 
for islet cell antibodies, anti-gliadin IgA, and 
anti-endomysial antibodies. However, his RF 
results and intestinal biopsy for celiac disease 
were negative.

Discussion

Concurrent autoimmune diseases, which have 
a substantial impact on public health, have 
become an area of research focus. However, 
data regarding the association between type 1 
DM and RA are limited. A systematic review 
of 5 relevant studies reported the prevalence 
rate of type 1 DM among RA cases to range 
from 0.32% to 5.95%4. Among these studies, 
the only population-based study with an 
attentive methodology revealed a frequency of 
insulin-dependent DM among patients with RA 
of 0.6% (95% confidence interval: 0.2–1.0%), 
which did not exceed the prevalence of insulin-
dependent DM among the general middle-aged 
population (0.5–0.6%)16. 

Group 1
(n = 90)

Group 2
(n = 76) p value

Age (years) 10.5 ± 3.9 9.8 ± 3.7 0.196

Sex ratio (M/F) 46/44 34/42 0.413

Weight (SDS) 0.50 (-2.26 - +2.87) 0.19 (-1.99 - +2.23) 0.064

Height (SDS) 0.17 (-2.42 - +2.76) -0.17 (-1.79 - +2.49) 0.008

BMI (SDS) 0.52 (-2.65 - +2.45) 0.41 (-2.21 - +2.33) 0.707

Family history of RA 3 (3.3%) 1 (1.3%) 0.626

Pubertal cases 48 (53.3%) 39 (51.3%) 0.795

Positivity rates

Anti-GAD antibody* 54 (69.2%) - N/A

ICA# 45 (60.0%) - N/A

Anti-insulin antibody$ 26 (32.5%) - N/A

Anti-TgAb€ 12 (14.0%) - N/A

Anti-tPOAbα 15 (17.6%) - N/A

Anti-gliadin IgA 6 (6.7%) - N/A

Anti-gliadin IgG 1 (1.1%) - N/A

Anti-endomysial Ab 6 (6.7%) - N/A

RF 0 (0.0%) 0 (0.0%) 0.999

Anti-CCP 1 (1.1%) 0 (0.0%) 0.999

Table I. Clinical and Laboratory Characteristics of the Study Groups

Data are presented as mean ± standard deviation, median (range) or n (%). M/F = male/female; SDS = standard 
deviation score; BMI = body mass index; RA = rheumatoid arthritis; Anti-GAD = anti-glutamic acid decarboxylase; 
ICA = islet cell antibody; Anti-TgAb = anti-thyroglobulin antibody; Anti-tPOAb = anti-thyroid peroxidase antibody; 
IgA = immunoglobulin A; IgG = immunoglobulin G; Ab = antibody; RF = rheumatoid factor; Anti-CCP = anti-cyclic 
citrullinated peptide. N/A = not applicable. *n = 78, #n = 75, $n = 80, €n = 86, αn = 85.

Volume 58 • Number 4	 Anti-Ccp Antibodies in Children with Type 1 Diabetes     397



As anti-CCP antibodies have been presented as 
reliable and specific novel markers indicative of 
future RA development, they have generated 
particular interest in terms of predicting the 
appearance of disease in selected groups of 
patients with other autoimmune diseases.7 
However, the association between adult type 
1 DM and RA remains controversial in the 
context of anti-CCP antibody positivity. A 
recent case-control study of adult patients (n 
= 1401) provided evidence of a specific and 
significant trend toward an association between 
type 1 DM and RA among anti-CCP positive 
patients (n = 857, 61%, odds ratio: 7.3 [95% 
CI: 2.7–20.0]) but not among anti-CCP negative 
patients (n = 544, 39%)8. However, Desplat-
Jégo et al.9 reported the rarity of anti-CCP 
antibody positivity among adult patients with 
type 1 DM, even when DM was included in 
autoimmune polyendocrine syndrome type 2, 
and suggested that the association between 
type 1 DM and the immune processes leading 
to RA is very weak.

Our study results demonstrate that anti-CCP 
antibodies are rare in cases of type 1 DM of 
short duration, with positivity rates that parallel 
the findings of frequency studies in healthy 
populations10. This result cannot be attributed 
to inappropriate patient enrollment, as the anti-
thyroid and celiac autoantibody positivity rates 
were consistent with those reported previously2. 
The only patient in our study who exhibited 
anti-CCP antibody positivity had no clinical 
findings. Similarly, in the study by Nisihara 
et al.13, clinical evidence of RA or juvenile 
idiopathic arthritis was lacking, despite reported 
high rates of antibody positivity among children 
and adults with Down syndrome.

Anti-CCP antibodies have been reported to 
precede RA onset by several years, likely because 
of an initial trigger, and their presence appears 
to associate with the future development of 
RA (odds ratio: 15.9)17; however, the exact 
interval between the appearance of antibodies 
and the onset of disease is unknown. Therefore, 
anti-CCP antibody monitoring in pediatric 
patients at an increased risk for eventual RA 
development consequent to an autoimmune 
predisposition does not appear to be useful 
in the absence of arthritis. However, it is 
noteworthy that our patients were relatively 
younger (mean age: 10.5 ± 3.9 years), and 

therefore anti-CCP antibody and RF positivity 
and eventually clinical RA might still occur in 
the future.

The current study has several limitations. First, 
the study sample size was relatively small 
and involved a single center, which limits the 
generalizability of the study results. Second, 
the sample was drawn from a heterogeneous 
population with respect to age and diabetes 
duration. In addition, some recent studies 
have shown reactivity of anti-CCP antibodies 
against Epstein–Barr viral citrullinated proteins, 
which raises the question of the role of viruses 
in the induction of these autoantibodies18,19. 
However, we did not investigate this infection 
in our patients.

In our study, anti-CCP positivity was detected 
in only 1 patient without any clinical sign 
suggestive of RA or a family history, initially or 
in the 2-year follow-up. This single case with a 
high anti-CCP level will be followed up for RA 
screening; however, this positive result might 
be nonspecific and transient. In conclusion, 
in light of the above-described information, 
anti-CCP antibody screening in the follow-up 
of pediatric patients with type 1 DM does not 
appear to be rational in the absence of any signs 
or symptoms of arthritis. However, larger cohort 
studies that include long-term follow-up are 
needed to determine the prevalence of antibody 
positivity in childhood and its association with 
the occurrence of RA later in life.
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