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Abstract 
Background: Measuring fasting C-peptide (FCP) and antibodies against 
Glutamic acid decarboxylase (GADA) and Islet cell antibodies (ICA) are not 
so commonly explored in children and young adults. Objectives: To assess 
the levels of FCP, GADA and ICA in subjects below the age of 25 years with 
DM and compare their levels to differentiate between Autoimmune and 
Non-Autoimmune Type 1 DM. Methodology: Blood samples of 93 subjects 
diagnosed with DM, reporting to the tertiary care hospital, were analysed for 
ICA, GADA and FCP. Receiver operating characteristics (ROC) curves were 
analysed to check the ability of autoimmune markers, BMI and C-peptide to 
differentiate between Autoimmune (Ai) and Non-Autoimmune (NonAi) di-
abetes. Results: 30/93 (32.2%) were positive for anti-GAD ab and/or ICA and 
categorised as Autoimmune (Ai), the most common antibody being, an-
ti-GAD ab (80%) in them. The level of FCP among Ai compared to NonAi, 
was significantly low (p < 0.001). The combined effect of Age and BMI on the 
level of FCP was lesser in autoimmune diabetes. Receiver Operating Charac-
teristic Curve ROC analysis demonstrated the advantage of raised GAD ab 
(>20.75 nmol/l) as a very dependable test for diagnosing Ai, Type 1 DM, in 
children and young adults. Its sensitivity and specificity are in the range of 
86.2% and 96.8% respectively. Low level of C-peptide (<0.36 nmol/l) is a fair 
indicator for diagnosing Ai diabetes in the same population unlike BMI. 
Conclusion: This study revealed predominant positivity for anti-GAD ab 
(80%) among Ai+ patients. ROC analysis shows GADA above 20.75 nmol/l 
and Fasting C-peptide < 0.36 nmol/l as a good indicator for diagnosing Ai in 
children and young adults. 
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1. Introduction 

Diabetes mellitus (DM) is a metabolic disorder characterized by chronic hyper-
glycaemia consequent to defects in Insulin secretion, action or both. The etiopa-
thogenic mechanisms behind developing chronic hyperglycaemia are not com-
mon to all [1]. As revealed by ICMR INDIAB study, 62.4 million people are liv-
ing with diabetes and 77.2 million with prediabetes in India [2]. In the global 
scenario, Type 1 diabetes mellitus (T1DM) is considered the most common form 
of diabetes seen in youth, so also the most prevalent type of DM seen in children 
and adolescents.  

In India, prevalence of T1DM is lesser than in Europe and North America. 
Reviews have shown that there are three new cases of T1DM/100,000 children of 
0 - 14 years [3]. Besides, the prevalence data of T1DM from different parts of In-
dia is not uniform. Data on prevalence of Type 1 DM showed that it was 17.93 
cases/100,000 children in Karnataka, 3.2 cases/100,000 children in Chennai, and 
10.2 cases/100,000 children in Karnal (Haryana) [3]. However, Type 2 diabetes 
mellitus (T2DM), often considered to be the type of DM of middle age or elder-
ly, is increasingly being diagnosed among young adults and now also in adoles-
cence and childhood due to burgeoning epidemic of childhood obesity and 
strong family history of Type 2 DM. The most prevalent forms of DM diagnosed 
in paediatric age group are Type 1 DM, followed by youth onset Type 2 Diabetes 
(T2DM). Other types of DM such as latent autoimmune diabetes of adult 
(LADA), Maturity onset diabetes in young (MODY), Gestational DM (GDM), 
fibro calculous pancreatic diabetes (FCPD) are also seen in persons less than 25 
years of age [4]. 

Type 1 DM is mostly due to autoimmune destruction of Islet β cells at early 
stage of life [1]. T1DM children need insulin therapy for survival from a very 
early stage, require much more medical dedicated care and are susceptible to 
microvascular complications earlier than those who belong to other types of DM 
[5]. Diagnosis of T1DM can be fairly made by detecting anti-GAD65ab and an-
tibodies against Islet cell (Anti IA12ab) in blood [3]. 

Islet β cells activity and reserve for insulin can be assessed by analysing circu-
lating levels of connecting peptide (C-Peptide) in blood. C-peptide is the part of 
proinsulin which is cleaved prior to co-secretion with insulin from pancreatic 
beta cells. It being metabolically inert, is widely used to measure pancreatic β cell 
function [6]. The role of C-peptide in the diagnosis of diabetes is currently li-
mited to unusual or ambiguous cases of Type 1 or Type 2 DM [7]. Classification 
of DM is often difficult in younger adults and more so in children [4] [8]. The 
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recommendations proposed classification on aetiological grounds into mainly 
autoimmune, or Type 1, and non-autoimmune, or Type 2, diabetes [9]. The im-
portance of level of β cell function, measured as C-peptide, is well recognised in 
autoimmune diabetes [10]. Also in non-autoimmune diabetes, interest in βcell 
function has recently risen considerably [11]. 

2. Objectives  

The aim of this study was to assess the levels of C-peptide, and their relations to 
age and levels of circulating antibodies against β cells (anti-GAD Ab and Islet 
cell Ab), in children and young adults with newly diagnosed DM and also to ex-
plore the usefulness of C-peptide levels, BMI and age in classification of diabetes 
at diagnosis in the children and young patients.  

3. Methodology  

Our study was cross-sectional study conducted in the Post Graduate Department 
of Medicine of S.C.B. Medical College and Hospital, Odisha between January 
2017 to January 2019.  

3.1. Subjects  

In total, 93 consecutive newly diagnosed patients with DM as per WHO criteria 
in different wards and clinics with age at the onset of diabetes between 0 to 25 
years attending, admitted and under care of consultants attached to Department 
of Medicine, Endocrinology and Paediatrics were enrolled for the study. The 
study was conducted in a specialised centre for the purpose in the Department of 
Medicine. The population was ethnically homogeneous with majority coming 
from the adjacent districts of Cuttack. The study was approved by the Ethics 
Committee of the Institution.  

3.2. Methods  

DM was diagnosed according to World Health Organisation (WHO) criteria [1]. 
Blood samples were collected at the time of diagnosis. Blood glucose was done 

by glucose oxidase method in venous blood. Glycosylated Hemoglobin (Hb A1c) 
estimation was done by ion exchange chromatography method. All the selected 
patients were evaluated for the presence of Islet cell antibody (ICA), Glutamic 
acid decarboxylase antibody (anti-GADab) and fasting C-peptide (FCP). C-peptide 
was analysed by chemiluminescence by COBAS E411, manufactured by Roche 
Diagnostics, Germany and marketed in India by Roche Diagnostics Private Li-
mited and kits manufactured by Roche Diagnostics, Germany.  

ICA levels were analysed by ESILA, Instrument—BIO-RAD IMARK, manu-
factured in Japan and marketed in India by Immunoshop Private Limited. Kits 
were manufactured by AESKU Diagnostics, Germany with a detection limit of 9 
JDF-U, sensitivity 100% and specificity 88%; <30.00 IU/ml. Ant-GAD ab levels 
were analysed with radioimmunoprecipitation in the same machine as ICA. 
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Both analyses were standardised according to the Diabetes Antibody Standardi-
zation Program. 

The term autoimmune diabetes (Ab+) was used if subjects were positive to at 
least one of the antibodies to islet cells and/or glutamic acid decarboxylase. 
Those negative for both antibodies were designated nonautoimmune (Ab−). 

Height and weight of young diabetes patients were measured by a nurse in the 
department. BMI (kg/m2) were calculated within each annual age category, and 
percentiles calculated according to Indian Academy of Paediatrics [12] for 5 - 18 
years age group, and CDC [13] guidelines for 2 - 5 years age group and accor-
dingly they were categorised as below normal, normal and above normal. Calcu-
lation of BMI was possible for 98% of the subjects. 

Family history of diabetes in grandparents, parents and siblings were taken in 
all subjects.  

The relationship between FCP and blood glucose level at the time of sampling 
for FCP was investigated. 

3.3. Statistical Analysis 

Descriptive statistics are reported in 5-year-age groups and five BMI groups. 
Differences between groups were explored by ANOVA/Kruskal Wallis Test 
wherever applicable, when appropriate with post hoc Bonferroni correction. The 
quantitative non-parametric data and parametric data were analysed using 
Mann–Whitney U and Student’s t-test for independent samples respectively. 
Receiver operating characteristics (ROC) curves were analysed to check the abil-
ity of age, BMI and C-peptide to differentiate between auto-antibody positive 
(Ab+) and negative (Ab−) diabetes. The data was analysed by SPSS version 25. 
All tests were two tailed, and a significance level of 0.05 was considered signifi-
cant.  

4. Results  

The study has enrolled 93 patients (32.2% male; 67.8% female). There was no 
significant gender difference in the proportional distribution of diabetes catego-
ries. Out of the 93 patients, 30 (32.2%) were positive for antibodies and nomen-
clature as Autoimmune (Ai+) and the rest as Non-Autoimmune (Non-Ai) re-
spectively was done. The basic characteristics of the two groups are presented in 
Table 1. There was a significantly lower level of Fasting C-Peptide (FCP) among 
Ai+ compared to NonAi (p < 0.001).  

The markers of autoimmune destruction of islet β cells i.e. presence of an-
ti-GAD ab and ICA and levels in terms of median and Q1Q3 were significantly 
higher in Ai+ group [GADA: 95.8 (44.6 - 215.5); ICA: 9.5 (6.6 - 27.2)] as com-
pared to NonAi group [GADA: 5.6 (2.4 - 8.13); ICA: 7.8 (4.6 - 10.8)] (P values 
0.01, <0.001 respectively).  

The median age of Ai patients was significantly lower as compared to NonAi. 
Among the Non-Ai patients, 13/53 (20.63%) had family history of Diabetes, 
which was significantly higher (p < 0.001) than Ai patients 1/30 (3.3%).  
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Table 1. Characteristics of the study subjects (N = 93). 

Characteristics 
Autoimmune (n = 30) 

(Mean ± SD) 
Non-autoimmune (63) 

(Mean ± SD) 
P value# 

Age in months 
Median (Q1 - Q3) 

9.4 ± 6.2 
9.0 (0.66 - 25) 

15.7 ± 6.8 
16 (0.16 - 25) 

<0.001* 

BMI 16.04 ± 5.1 17.7 ± 5.8 0.21 

FBG 242.4 ± 96.2 233 ± 107.9 0.68 

PPBG 327.07 ± 128.5 316 ± 145.8 0.73 

HbA1C 9.4 ± 2.1 9.7 ± 3.7 0.84 

C peptide (IU/ml) 
Median (Q1 - Q3) 

0.36 ± 0.35 
0.24(0.1 - 0.49) 

1.2 ± 5.2 
0.83 (0.4 - 1.7) 

<0.001 

Islet cell Ab (IU/ml) 
Median (Q1 - Q3) 

49.2 ± 97.6 
9.5(6.6 - 27.2) 

8.3 ± 5.2 
7.8 (4.6 - 10.8) 

0.009* 

GADA (IU/ml) 
Median (Q1 - Q3) 

211.72 ± 400.41 
95.8 (44.6 - 215.5) 

6.07 ± 4.7 
5.6 (2.4 - 8.13) 

<0.001* 

Family history 
Positive 
Negative 

 
1 (3.3) 

29 (96.7) 

 
13 (20.63) 
50 (79.37) 

 
0.029** 

Gender 
Males 
Females 

 
16 (53.3) 
14 (46.7) 

 
31 (49.2) 
32 (50.8) 

 
(0.71) 

#Independent Sample T test, *Mann-Whitney U test, **ξ2 (Chi square) test. 
 

The other parameters like BMI, FBG, PPBG, HbA1C and duration of diabetes 
in months were comparable. 

4.1. C-Peptide 

The mean FCP was 0.94 ± 1.19 (range-0.01 - 8.28) nmol/l. Mean FCP was signif-
icantly lower in the newly diagnosed with Ai diabetes than that in the NonAi 
group (Table 2). There was no significant mean FCP difference with regard to 
gender in Ab+ and Ab− groups.  

Results showed that 24/30 (80%) were positive for anti-GADA ab, 4/30 
(13.3%) for ICA and only 2/30 (6.6%) were positive for both the antibodies. The 
mean FCP in only anti-GAD ab positive subjects, 0.33 range 0.01 - 1.00, was 
lower than that in the NonAi, 1.21, range 0.01 - 8.28, where the difference was 
significant. There were no significant differences in the levels of C-peptide be-
tween any of the Ab+ groups.  

The level of FCP increased significantly with age at diagnosis in both Ai and 
Non-Ai new diabetes cases (both P < 0.001). For every 1-year increase in age in 
the newly diagnosed, FCP was 0.05 nmol/l higher in Ai and 0.02 nmol/l higher 
in NonAi cases. However, the positive strong correlation between FCP and age 
was apparent upto 0 - 10 years in Ai+ group, and 16 - 25 age group in Ai- group 
(Figure 1).  
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Table 2. Fasting C-peptide levels (unit), and BMI (Kg/m2), per age group in children and young adults with newly diagnosed di-
abetes. Values are Mean ± S.D; median, Min-Max. 

C-peptide BMI 

Age 
(Years) 

N Autoimmune N Non-Autoimmune 
P, Ai vs 
Non-Ai 

n Autoimmune n Non-Autoimmune 
P, Ai vs 
Non-Ai 

0 - 5 08 
0.25 ± 0.19 

0.25 (0.01 - 0.58) 
04 

0.23 ± 0.11 
0.23 (0.1 - 0.36) 

1 04 
13.55 ± 1.42 
13.6 (12 - 15) 

02 
14.6 ± 0.56 

14.6 (14 - 15) 
0.393 

6 - 10 13 
0.30 ± 0.29 

0.21 (0.01 - 0.58) 
12 

0.56 ± 0.55 
0.42 (0.01 - 1.95) 

0.347 13 
14.3 ± 3.0 

14.4 (9 - 20) 
12 

12.63 ± 2.1 
12.5 (9 - 17) 

0.113 

11 - 15 05 
0.25 ± 0.34 

0.12 (0.01 - 0.87) 
15 

1.69 ± 2.01 
1.02 (0.42 - 8.28) 

0.002 05 
21.1 ± 8.8 

16.8 (13 - 33) 
15 

17.01 ± 5.36 
14.3 (12.32) 

0.225 

16 - 20 01 0.25 12 
1.23 ± 0.91 

0.91 (0.32 - 3.34) 
0.154 01 15.2 12 

17.57 ± 6.5 
14.3 (12.32) 

0.735 

21 - 25 03 
1.08 ± 0.34 

1 (0.78 - 1.46) 
20 

1.43 ± 1.27 
0.91 (0.41 - 4.3) 

0.898 03 
18.53 ± 4.47 
16.1 (16 - 24) 

20 
21.67 ± 5.01 
21.1 (15 - 34) 

0.319 

All 30 
0.36 ± 0.35 

0.24 (0.01 - 1.46) 
63 

1.2 ± 1.3 
0.83 (0.01 - 8.28) 

0.001 26 
16.04 ± 5.19 

15.2 (9.4 - 33.8) 
61 

17.7 ± 5.84 
15.2 (8.8 - 34.10) 

0.213 

Ai, autoimmune; non-Ai, non-autoimmune * p value by Mann-Whitney U test; # p value by Student t-test. 
 

 
Figure 1. Mean fasting C-peptide (nmol/l), per age group per types of diabetes in children.  

 
Level of FCP at onset of diabetes was independently influenced by both age 

and BMI. Their combined influence on the level of FCP was lesser in autoim-
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mune diabetes: 26% (R2 0.268) when compared with 49% (R2 0.499) in 
non-autoimmune diabetes (P value < 0.05 for both). FCP was 0.29 nmol/l higher 
per 1 kg/m2 higher BMI in autoimmune and 0.66 nmol/l higher in NonAi, di-
abetes (P < 0.05 for NonAi). Mean FCP was correlated to increasing BMI, and 
BMI group, and to increasing age, also within each BMI group, and this was es-
pecially apparent in Ai diabetes. 

4.2. Body Mass Index (BMI) 

Mean BMI for all was 17.2 ± 5.68 (range 8.8 - 34.1) kg/m2. Mean BMI for the 
Ab+ was 16.04 ± 5.19, which was lower than for the Ab− 17.7 ± 5.84 but there 
was no statistical significance (P = 0.213). This study did not show any change of 
BMI with antibody status H (2) = 1.9, P = 5.7 by Kruskal Wallis test (Table 2). 
Further analysis of C-peptide levels after stratification in three different BMI 
categories it is found that the C-peptide levels are consistently high in the NonAi 
group across all the BMI categories (Table 3). 

4.3. Receiver Operating Characteristic Curve (ROC) Analysis  

ROC curves for the subjects are displayed in Figure 2. AUC for GADA was su-
perior to those for C-Peptide, ICA and BMI for differentiating between Ai and 
Non-Ai subjects. The AUC was 0.955 (0.901 - 1.00) for GADA, 0.785 (0.683 - 
0.887) for C-peptide, 0.700 (0.579 - 0.821) for ICA and 0.451 (0.320 - 0.581) for 
BMI in Ai patients.  

The sensitivity and specificity of GADA at a cut-off of >20.75 nmol/l are 
86.2% and 96.8% respectively is the most appropriate cut offs for diagnosing Ai 
in the region as the Youden’s Index is maximum at these levels. The values for 
that of C-peptide at a cut off of <0.36 nmol/l are 66.7% and 79.4% respectively, 
(Youden’s Index = 0.461) and seems to be the most appropriate cut offs for di-
agnosing Ai (Table 4). 

 
Table 3. Fasting C-peptide levels (unit), per BMI group (Kg/M2) in children and young 
adults with newly diagnosed diabetes. Values are Mean ± S.D; Median, Min-Max. 

C-peptide 

BMI Group N Autoimmune N Non-Autoimmune 
P, Ai vs 
Non-Ai 

Below normal 10 
0.38 ± 0.47 

0.2 (0.01 - 1.46) 
22 

0.67 ± 0.49 
0.6 (0.06 - 1.89) 

0.05 

Normal 14 
0.36 ± 0.29 

0.26 (0.01 - 0.93) 
32 

1.02 ± 0.79 
0.84 (0.01 - 0.48) 

0.001 

Above normal 2 
0.53 ± 0.47 

0.53 (0.2 - 0.87) 
7 

4.0 ± 1.9 
4.04 (2.4 - 8.2) 

0.056 

All 30 
0.36 ± 0.35 

0.24 (0.01 - 1.46) 
63 

1.2 ± 1.3 
0.83 (0.01 - 8.28) 

<0.001 

P value by Mann Whitney U test. 
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Table 4. ROC analysis of GADA, ICA and BMI for subjects who are autoimmune di-
abetes. 

Fasting C-Peptide (nmol/l) Sensitivity (%) Specificity (%) YOUDEN’S INDEX 

0.250 0.500 0.873 (Sn + Sp)−1 

0.285 0.600 0.841 0.373 

0.310 0.600 0.825 0.441 

0.340 0.633 0.825 0.425 

0.368 0.633 0.810 0.458 

0.383 0.667 0.794 0.443 

GADA    

8.15 0.966 0.758 0.724 

9.05 0.129 0.871 0 

10.55 0.897 0.919 0.816 

15.60 0.862 0.935 0.797 

20.75 0.862 0.968 0.83 

32.36 0.828 1.000 0.828 

 

 
Figure 2. ROC analysis of GADA, ICA & BMI to identify subjects who have autoimmune 
diabetes.  

5. Discussion 

The difference in the mean years of presentation between autoimmune and 
no-autoimmune diabetes is almost 6 years indicating that the latter probably are 
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Type 2 DM at a very early age of onset. Even though childhood-obesity has been 
claimed to be one of the important causes of early onset of Type 2 DM in pae-
diatric population, our study did not reveal higher BMI (obesity) to be an im-
portant determinant for type of diabetes. It is at par with the observations that 
South East Asian and especially Indians have different presentations with re-
gards to DM [1]. 

The current study did not show significant difference between the mean val-
ues of FBG, PPBG, and HbA1c but the C-peptide values were significantly lower 
in Ai group suggesting fairly preserved b-cell activity in them. Thus, in our pop-
ulation the type of DM in the Non-Ai group with higher prevalence of family 
history could be due to substantially early age at onset of Type 2 DM. 

The current study showed the overall magnitude of autoantibody positivity of 
32% which is much higher (58.1%) than previous studies conducted and re-
ported in the Eastern part of India [14]. Our study showed a predominant posi-
tivity for anti-GAD ab (80%) among Ai+ patients and is comparable with the 
study by E Sabbah et al. from Finland [15]. Study by E Sabbah et al. had shown 
the prevalence of positive for anti-GAD Antibody at diagnosis to be 73.2% in 
children with DM. Presence of anti-GAD ab and particularly in higher titers 
predict diminishing beta cell function within the next few years following diag-
nosis of DM. In one of our earlier studies, presence of auto immune markers for 
islet β cell damage in Type 2 DM, ideal body weight and lean body weight, pre-
valence of anti-GAD ab was absent in both categories while ICA was positive in 
4 and 10 percent respectively [16]. Therefore, both our previous study and that 
of E Sabbah et al. are well corroborative of the fact that anti-GAD ab is a much 
better marker for autoimmune damage of islet β cells. Another study conducted 
in children with positive standard islet autoantibodies found lower sensitivity 
(65%) and specificity (68%) of GADA to diagnose Type 1 DM. They found the 
accuracy by AUC in ROC to be lower for GADA in comparison to the present 
study [17].  

The differences in frequency of Ab+ between studies can be explained by the 
number and types of antibodies analyzed, duration of diabetes as well as ages in 
the populations studied. Patients testing negative for diabetes-associated autoan-
tibodies at diagnosis seem to have a milder degree of beta-cell destruction. Inte-
restingly, the higher FCP values in the age group of 21 - 25 years in the Ab+ 
group (Table 2 and Figure 1) suggest that they could be in honeymoon phase of 
Type1 DM or smouldering cases of LADA. 

From the ROC analysis, our study demonstrates the utility of raised GADA 
(>20.75 nmol/l) as a very dependable test for diagnosing Ai in children and 
young adults. Its sensitivity and specificity are in the 86.2%, 96.8% and are the 
most appropriate cut offs for diagnosing Ai respectively. Low level of C-peptide 
(<0.36 nmol/l) is a fair indicator for diagnosing Ai diabetes in the same popula-
tion. Hence C-peptide below 0.36 nmol/l may be taken as a screening tool for 
diagnosing Ai in the same population.  
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Raised ICA is a poor to fair indicator and BMI cannot be offered great cre-
dence as an indicator for diagnosing Ai Diabetes in children and young adults in 
our population. BMI was marginally lower in Ai+ than those negative for anti-
bodies. As they cross the age of 20, behave more akin to Type 2 DM.  

This study is one of the first of its kind to estimate dual autoimmune markers 
in children and young adults in the eastern part of India. This may pave the path 
for correct categorization of type of DM at the earliest and hence timely man-
agement and prevention of complications of DM in this community. 

6. Conclusion 

The current study revealed higher prevalence of anti-GAD ab (80%) positivity 
among Ai+ patients. Further, ROC analysis demonstrated the importance of 
raised values of anti-GAD ab (>20.75 nmol/l) as a very dependable parameter for 
diagnosing Ai in children and young adults. Its sensitivity and specificity were as 
high as 86.2% and 96.8% respectively. Even if ICA was positive in Ai group yet 
did not show much credence with regards to diagnosing Type 1 DM. Low level 
of C-peptide (<0.36 nmol/l) is a fair indicator for diagnosing Ai diabetes in the 
same population. However, BMI did not show any promise as an indicator for 
diagnosing the type of DM in children and young adults in our population. Stu-
dies with larger sample size may throw light on role of BMI and ICA in charac-
terizing type of DM in children and young adults in India. 
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