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Abstract
Background: Type 1 diabetes mellitus (T1DM) is an autoimmune disease characterized by
selective destruction of pancreatic beta cells.
Methods: The study included 80 children, 20 of them have T1DM, 40 children were selected
from first degree relatives to the same child and 20 healthy children serve as control. Body
mass index (BMI) was calculated, random blood glucose and glycosylated hemoglobin A1c
(GHbA1c) were measured. The following biochemical markers were measured in sera of all
subjects by ELISA kits: Human insulin ,C-peptide, human islet cell antibody (ICA), insulin
auto antibodies (IAA) and antiglutamic acid decarboxylase (anti-GAD) antibodies.
Results: This study showed that diabetic children had high level of ICA (65%), IAA (55%),
anti-GAD antibodies (50%) and decrease in C-peptide (60%). Whereas the relatives showed
high level of anti-GAD antibodies (30%), IAA(25%), ICA(2.5) and decrease in C-peptide
(30%). Anti-GAD antibodies were significantly higher among the relatives of the diabetics
compared to the healthy controls.
Conclusions: The strongest predictors of diabetes were C- peptide and islets cell antibodies,
which had odd ratio 4.7 and 3.1, respectively. Autoantibodies could distinguish T1DM
patients from healthy control subjects and they may also identify individuals at high risk
during progression from pre-diabetes to overt disease.
Keywords: Human islet cell antibody (ICA), Insulin auto antibodies (IAA) , Antiglutamic
acid decarboxylase (anti-GAD) antibodies

Introduction1

hyperglycemia, leading to lifelong dependency

Type 1 Diabetes (T1D) is the most severe type

on daily insulin injections. This autoimmune

of diabetes with prolonged and variable latent

disorder develops as a consequence of a

period that culminates in the destruction of

synergistic

pancreatic β -cells and the development of

disposition, largely unknown environmental

combination

of

genetic

pre-

triggers, and immunologic events (Lebastchi
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and Herold, 2012). T1DM is a serious health
problem in Saudi Arabia. Disease prevalence
among Saudi children and adolescents is on the
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rise, standing at 109.5 per 100,000 (AL-

intervention strategies.
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Herbish et al., 2008). The reported disease
incidence in the Middle East ranges between

Patients and Methods

2.62 and 20.18 per 100,000 (Soltesz etal.,

This is a case-control hospital-based study. The

2007) which is comparable to that in North

study was approved by the Regional Research

America (Bell etal., 2009). In general, the

Ethics Committee, Qassim Province, Ministry

incidence of T1DM is increasing globally

of Health, and KSA. Written informed consent

(Karvonen et al., 2000).

was obtained from the parents of each

Auto-antibodies to islet cell antigens often

participant after an informed sheet was

present at the disease onset. Islet cell auto-

provided. The total sample (n=80) was divided

antibody (ICA) is the first to be identified,

into three groups. Group 1: known diabetics

followed by other auto-antibodies specific to

(n=20) using insulin injection; group 2 first

tissue antigens. These include antibodies to

degree relatives of the diabetics (n=40) and

glutamic acid decarboxylase (GAD), Protein

group 3 (n=20) as healthy controls with no

tyrosine

(IA2)

family history of DM and matched in age, sex

antibodies, and insulin antibodies (IAA).The

and body mass index with groups 1&2. The

presence of ICA and or GAD antibodies at the

twenty diabetic children had onset of diabetes

time of diagnosis identifies 85% of T1DM

before age of 15 years and fulfillment of the of

(Borg et al., 1997). Therefore, the initial

the Expert Committee of Diabetes criteria for

screening

studies

diagnosis of type 1 diabetes mellitus (Imagawa

recommends testing for both auto-antibodies.

et al., 1996). Patients with autoimmune diseases

Diabetes risk is related to the magnitude and

were

maturity of these autoantibody responses

questionnaire was used to collect demographic

(Siljander et al., 2009).

and clinical data. Three ml of blood was

Understanding the biochemical processes that

collected from each participant; centrifuged and

underlie T1DM and identifying diagnostic

the serum was kept at -80ºC for biochemical

biomarkers predict the onset of the disease in

analysis. Immunospecific insulin and C-peptide

the relatives and other members of child’s

quantitative sandwich enzyme immunoassay

family are very important issues that need to

Kits (Cat# E29-072& E29-071, USA) were

be investigated. This will help to detect more

used to estimate human insulin and C-peptide in

accurately individuals with prediabetes to

serum. Human islet cell antibody (ICA), insulin

expedite

auto antibodies (IAA) and antiglutamic acid
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phosphatase

in

like

T1DM

targeting

for

protein

prediction

prevention

and

excluded.
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decarboxylase (anti-GAD) were estimated using

test was conducted to determine the impact of

ELISA kits purchased from WKEA MED

5 variables. Odd’s ratio was calculated to

supplies, USA. In ICA and IAA, human

determine the risk of development T1 DM in

purified antigens were coated to the wells,

the relatives.

whereas in anti-GAD kit human purified
antibodies were coated. Random blood glucose

Results

and glycosylated hemoglobin A1c (GHbA1c)

In this cross-sectional hospital-based study we

were measured as routine investigations in the

recruited a total of 80 children. Their mean age

Maternal Childhood Hospital (MCH).

was 7.9±2.0 years with a median and mode of
8 years and a range of 4-12 years. There was

Statistical Analysis

no significant gender difference using X 2test

Data were analyzed using SPSS version 16.

(p>0.05). There was no significant differences

Values were expressed as mean ± SD. Results

of ages in the different groups (p=0.37). Also,

considered statistically significant at p ≤0.05.

there

Differences between values were assessed by

differences in gender, parents education and

Mann Whitney U-test. A multiple regression

consanguinity, using X 2 test (p>0.05).

was

no

statistically

significant

Table1: Biochemical markers in different groups expressed as mean ± SD
Characteristic
Glucose
glycosylated haemoglobin A1-A1c
Insulin hormone
C-peptide
Insulin-autoantibody
Islet cell antibody
Anti-GAD

Diabetics
(n=20)
160.1±21.26
6.87±0.43
8.57±4.19
0.62±0.19
23.38±12.89
2.82±0.96
99.01±46.99

Relatives
(n=40)
124.6±14.0
4.9±0.53
6.33±2.31
1.03±0.26
19.49±3.62
1.78±0.32
78.36±40.99

Control
(n=20)
111.0±7.2
4.99±0.50
6.37±4.48
1.42±0.24
22.43±7.6
1.67±0.25
43.12±5.59

*P
0.00
0.00
0.05
<0.001
0.15
0.003
<0.001

Anti-GAD: antiglutamic acid decarboxylase. Blood glucose is random sample. *P value compare between diabetic and control groups.

Diabetics have significantly higher value for

A multiple regression was conducted to

anti GAD antibodies and islet cell antibody as

determine

well as for glucose and gAC1 level (table 1).

significantly predicting the

blood glucose

However, insulin hormone level is higher in

level.

higher

DM because the patients received exogenous

correspond

insulin. C- Peptide was found to be significantly

hemoglobin and blood glucose level. The

higher among controls compared to diabetics

results indicated that these predictors in

(p<0.001).

aggregates were significant predictors of the

For

if

these

markers

all

variable

to

C-peptide,

were

well
scores

glycosylated
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blood glucose level, explaining 44.7% of the

significant predictors of the blood glucose

variance, f (6) =11.6, P<. 001. When the

level (p=0.003, 0.040, 0.001; respectively).

variables were examined for their individual

However, Anti- GAD, C-peptide and insulin

contribution to the model, it was found that

antibodies were not significant predictors of

insulin hormone level, islet cell antibodies

blood glucose level (p = 0.288, 0 .88, 1.06;

and glycosylated hemoglobin AC1 were the

respectively).

Table 2: Biochemical and immunological markers levels among different groups at specific cut off value
Markers
Insulin hormone
(5-20 pmol/L)
C- peptide
(0.7-1.9 ng/ml)
Insulin auto-antibodies
(5-20 pmol/L)
Islet cell antibodies
(1-2.5 iu/L)
Anti-GAD antibodies
(≤50pmol/L)

Diabetics
No (%)
Normal
High

Relatives
No (%)
Normal
High

Controls
No (%)
Normal
High

17 (85%)

3 (15%)

40 (100%)

0 (0%)

14(70%)

6 (30%)

8(40%)

12 (60%)*

28(70%)

12(30%)*

19(95%)

1(5%)*

9(45%)

11(55%)

30(75%)

10(25%)

19(95%)

1(5%)

7(35%)

13(65%)

39(97.5%)

1(2.5%)

20(100%)

0(0%)

10 (50%)

10(50%)

28(70%)

12(30%)

18(90%)

2(10%)

*C peptide is decreased. Glycosylated hemoglobin (HbA1c 6-8%) is within normal range in all groups. Anti-GAD: antiglutamic
acid decarboxylase

A

regression was conducted to

ratio of 3.1. This indicates that children who

determine what impact the 5 variables have on

had islets cell antibodies were almost 3 times

the likelihood of developing diabetes. These

more likely to have diabetes than those who

independent variables were anti-GAD; C-

did not had islets cell antibodies. A unit

peptide, insulin autoantibody, insulin hormone

decrease in C- peptide level is 5 times likely to

and islets cell antibodies. The full model

increase the likelihood to develop diabetes.

containing all predictors

statistically

This study showed that diabetic children had

significant X2 = 37.167 (p < 0.001) indicating

high level of ICA (65%), IAA (55%), anti-GAD

that the model was able to distinguish between

antibodies (50%) and decrease in C-peptide

diabetics and non-diabetics. The total model

(60%). Whereas the relatives showed high level

explained between 37.2% (Cox and Snell) and

of anti-GAD antibodies (30%), IAA (25%),

55% (NagelKerke R squared) of the variants in

ICA (2.5) and decrease in C-peptide (30%).

diabetics. The strongest predictors of diabetes

Anti-GAD antibodies were significantly higher

were C peptide, which had an odd ratio of 4.7

among the relatives of the diabetics compared to

and islets cell antibodies which had an odd

the healthy subjects as shown in table 2.

20

logistic

was
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Discussion

for IDDM increases as the number of

Type 1 diabetes is preceded by the development

autoantibodies increases, and that relatives with

of auto antibodies to multiple islet antigens.

three autoantibodies (IA-2A, GADA, and IAA)

Glutamic

is

had a 100% estimated risk of contracting IDDM

expressed in human β cells (but also by α, and δ

within 5 years (15). Anti- GAD level, in our

cells of the islets) and represents the major

study, was not a significant predictor of blood

target autoantigen in type 1 diabetes (Yu et al.,

glucose level (p=0.288). This is in accordance

2012& Hanzu and Gomis 2008). In our study,

with Sabbah et al., 1999 who found that there

50% of the diabetic group was found to have

was no significant difference between the

significantly higher

GADA-positive and negative subjects in the

acid

decarboxylase

(GAD)

value for anti GAD

antibodies when cutoff value ≤50pmol/L was

metabolic characteristics at diagnosis.

used compared to 73.2% and 65.1% in another

Stimulation

studies (Sabbah et al., 1999; Fakhfakh et

glucose, a mixed meal, or arginine provides the

al.,2008). Antibodies to GAD could be detected

most sensitive and clinically validated method

in the sera of 75% of new-onset T1D patients

to evaluate β cell function (Greenbaum et al.,

(Hanzu and Gomis 2008). This is in agreement

2004). In our study 60% of diabetic group of

with Torn et al., 2008 who reported that high

children had abnormally low levels of C

GAD antibody at diagnosis was a risk factor for

peptide in comparison to 30% of the patients’

a decrease in β cell function. These findings

relatives when used normal value (0.7-1.9

could be attributed to the fact that the 2003

ng/ml). This is in agreement with Tsai et al.,

Expert Committee on the diagnosis and

2006 and Sosenko et al., 2006 who identified a

classification of diabetes divided type 1 diabetes

progressive decline in C-peptide responses that

into type 1 A (immune mediated) and type 1 B

are relatively modest during the prediabetic

(idiopathic). Moreover, not all cases in this

period compared with the changes after

study were newly diagnosed. Autoantibody may

diagnosis with hyperglycemia. Interpretation

also become negative after many years of

of the changes in C-peptide responses may be

diabetes. GAD autoantibodies were 40% in

more complicated in children because there is

longstanding type 1 diabetes vs. 55% in new

an age-related increase in C-peptide levels

onsets (Imagawa et al., 1996). In this study,

(Torn et al., 2000). In our study, a significant

30% of the relatives of the diabetics had high

correlation between the decrement in C-

serum level of Anti-GAD antibodies whereas

peptide serum level and the likelihood to

90% of the controls had normal values. The risk

develop diabetes was found. Similar findings

of

C-peptide

secretion
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were reported in diabetic children at diagnosis

aspect of diagnosis and prevention in those

and during follow-up, and the degree of

who are in high risk and relatives of type 1

decline in C- peptide level was inversely

diabetics (Winter and Schatz 2011).

related to the levels of autoantibodies in these

Islet cell autoantibody (ICA) is directed

patients. This can be explained by the fact that

specifically against auto antigens of the insulin

patients with autoimmune diabetes have a

secreting β cells. et al., 2009) in our study 65%

continuous process of destruction of β cells,

of diabetic children had high IC antibody. ICA

probably caused by a combination of humoral

was detected in 70% to 80% of individuals with

and a cellular activity (Torn et al., 2000).

new-onset TIDM and that ICA positivity

IAA was the first autoantigen identified in

declines after the diagnosis. Auto-antibodies to

T1D and is still the only β cell-specific.

islet cell antigens often present at disease onset,

Autoantibodies

Islet cell antibody (ICA), 70%–80%; insulin

whereas

react

specific

to

mature

insulin,

proinsulin autoantibodies

autoantibodies

(IAA),

60%;

tyrosine

have been difficult to demonstrate (Stadinski et

phosphatase like insulinoma antigen 2 ( IA2),

al., 2010). IAA is more common in younger

60%; and glutamic acid decarboxylase (GAD),

children with new-onset T1DM before insulin

70%–80%. Secondary screening for antibodies

therapy (approximately 60% positive) than in

to cytoplasmic ICA in GAD and IA2 Ab-

adults (Palmer et al., 1983). In our study, 55%

positive first-degree relatives of persons with

of diabetics were found to have significantly

T1D can detect individuals at greater risk for

higher serum value for insulin autoantibodies

T1D (Watkins et al., 2014). Moreover, 60-75%

in comparison to 25% of relatives based on cut

of new-onset T1D patients have autoantibodies

off value (5-20 pmol/L). Antibodies against

against the islet cell antigen 512(ICA512 or IA-

insulin (IAA) are ones of the earliest clinical

2), compared to only 2% of healthy controls

markers of prediabetes (Stadinski et al., 2010).

(Kantarova et al., 2012). Risk score using panel

The presence of IAA is inversely correlated

of biochemical markers may be used to

with age of diabetes onset, with almost 100%

understand onset, progression and prevention of

of newly diagnosed children less than 5 years

T1DM in the relatives of diabetics.

of age expressing IAA, compared to less than
20% of those diagnosed after 15 years of age.

Conclusion

Moreover, the levels of IAA are associated

Diabetic children had high levels of anti-GAD

with the rate of the autoimmune destruction of

antibodies, insulin autoantibodies and islet

the β cells making their detection an important

cells antibodies but low level of C-peptide.
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Anti-GAD antibodies were significantly higher

Saudi Med J, 29(9):1285-8.

among the relatives of the diabetics compared

[2] Bell RA, Mayer-Davise EJ, Beyer JW,

to healthy controls. C-peptide and blood

D’Agodino RB, Lawerence JM, et al. .

glucose are significant predictors of high blood

2009. Diabetes in non-Hispanic white

glucose level. A unit decrease in C- peptide

youth:

and a unit increase in islet cell antibodies

characterization. Diabetes Care, 32: 102-11.

levels increase the likelihood of developing

[3] Borg H, Fernlund P, Sundkvist G. 1997.

diabetes.

Autoantibodies

can

distinguish

Prevalence

and

clinical

Protein tyrosine phosphatase like protein

responses in T1D patients from healthy control

IA2-antibodies

plus

subjects and they may also identify individuals

decarboxylase

at the highest risk for progression from

indicates autoimmunity as frequently as

prediabetes to overt disease.

islet cell antibodies assay in children with

65

glutamic

antibodies

acid

(GADA)

recently diagnosed diabetes mellitus. Clin.
Chem, 43: 2358-63.
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