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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: In the context of diabetes mellitus (DM), 

anti-glutamic acid decarboxylase (antiGAD) antibodies are 
associated with a specific form of the disease called type 1 
diabetes. The study aims to evaluate the serum cortisol and 
serotonin levels in patients with type 2 DM disease.

Methods: A total of 90 Iraqi participants (30 with type 1 
diabetes mellitus, 30 with type 2 diabetes mellitus and 30 
healthy subjects as a control group) were enrolled in the study. 
Blood samples were collected, serum separated, and frozen for 
future analysis. The level of Homeostatic Model Assessment for 
Insulin Resistance (HOMA-IR) was measured for each person 
who participated in this study (whether DM diseases or control 
individuals) and AntiGAD (anti-glutamic acid decarboxylase).

Results: The study examined the descriptive statistics of 
HOMA-IR and AntiGAD levels in individuals with different 
types of diabetes. The results showed that individuals with type 
1 diabetes mellitus (T1DM) had a significantly lower HOMA-
IR compared to the control group, while individuals with type 2 
diabetes mellitus (T2DM) had a significantly higher HOMA-IR. 
The study also found that both T1DM and T2DM groups had 
significantly elevated levels of AntiGAD compared to the control 
group. These findings suggest that insulin resistance is reduced 
in T1DM individuals but increased in T2DM individuals, and 
the presence of diabetes is associated with increased levels of 
AntiGAD. Conclusion: In summary, the results of this study 
demonstrate significant differences in both HOMA-IR and 
AntiGAD levels between individuals with diabetes (T1DM 
and T2DM) and the control group. These findings contribute 
to our understanding of the pathophysiology of diabetes and 
highlight the importance of these biomarkers in the diagnosis 
and management of the disease. Further research is needed to 
explore the underlying mechanisms behind these observations 
and to determine their clinical implications.

Key words. Diabetes mellitus, Hyperglycemia, HOMA-IR, 
AntiGAD.
Introduction.

Diabetes mellitus is a set of metabolic diseases defined by 
elevated blood sugar levels (hyperglycemia), which can be 
brought on by a problem with the pancreas' ability to produce 
insulin or by increased insulin resistance, which reduces the 
body's ability to respond to insulin. Polyuria, weight loss, 
polyphagia, polydipsia, and blurred vision are all signs of 
hyperglycemia [1-4]. 

Type 1 diabetes (T1DM) is also known as juvenile diabetes 
mellitus [5]. This type of diabetes primarily results from 
pancreatic cell destruction that leads to insulin deficiency 
therefore called insulin dependence. This form of diabetes caused 
either by autoimmune disease or due to viral exposure will lead 

to beta cell destruction and insulin absence [6]. Individuals with 
type 1 diabetes mellitus characterized by polyuria, polydipsia, 
polyphagia (excessive hunger), weight loss, lethargy, loss of 
vision, and ketoacidosis, patients with type1 Diabetes mellitus 
remain dependent on insulin supplementation for lifelong [7]. 

Type2 diabetes formerly known as adult-onset diabetes, is a 
form of diabetes mellitus characterized by high blood sugar, 
insulin symptoms resistance, and relative lack of insulin common 
include increased thirst, frequent urination, and unexplained 
weight loss symptoms may include increased hunger, feeling 
tired, and sores (wounds) that do not heal often symptoms come 
on slowly [8].

Glutamic acid decarboxylase (GAD) is an enzyme involved in 
the synthesis of the neurotransmitter gamma-aminobutyric acid 
(GABA) from the amino acid glutamate. GABA is an inhibitory 
neurotransmitter that plays a crucial role in regulating neuronal 
excitability in the central nervous system [9].

Anti-glutamic acid decarboxylase (AntiGAD) refers to 
autoantibodies that target and bind to the glutamic acid 
decarboxylase enzyme. These autoantibodies are associated 
with certain autoimmune disorders, particularly neurological 
conditions such as Stiff Person Syndrome (SPS) and autoimmune 
cerebellar ataxia [10]. 
Materials and Methods.

The present study was a case-control study started from 
November 2022 to January 2023, was proceed on 90 Iraqi 
participants (30 with type 1 diabetes mellitus, 30 with type 
2 diabetes mellitus and 30 healthy subjects as control group 
were selected from the specialist center for endocrine and 
diabetes of Baghdad General Teaching, this study conducted 
at the Department Biochemistry, College of Medicine, Tikrit 
university The age range for all groups (30-65 years). Hospital 
Participants were interviewed according to a well–structured 
questionnaire and examined by a consultant physician.

Study setting: The exclusion criteria for this study will be 
pregnant women, with chronic renal failure. Liver diseases, 
Thyroid diseases, pre-diabetic, cardiovascular disease, diabetic 
kidney disease and Rheumatoid arthritis. This study involves 
three groups:

Group 1 (Type 1 Diabetes Mellitus) blood sample was 
collected from 30 patients with diabetes mellitus according to 
the ADA (HbA1C > 5.7%, < 6.5%). 

Group 2 (Type 2 Diabetes Mellitus) blood sample was 
collected from 30 patients with type 2 DM according to the 
ADA (HbA1C > 6.5%). the age range of the patients is (30 -65) 
years.

Group 3 (Control) blood samples were collected from normal 
volunteer's age and were matched to the patients of type 1 DM 
and type 2 DM without a history of disorder of any type of 
diabetes mellitus.
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Discussion.
The level of HbA1C was measured for each person who 

participated in this study (whether DM diseases or control 
individuals). HbA1C has a significantly decreased, in T1DM 
(p<0.005), and significantly elevated in T2DM (p<0.005). 
Compared with the control group, (Mean ± SD =10.4± 0.4 % 
and 9.4± 0.3 %) in groups (T1DM and T2DM) respectively, 
while it was (5.2 ±0.3 %) in the control group. In current study 
found a higher significant difference between type 1 DM and 
type 2 DM group. The current study was in agreement with the 
study done by [11] also agreement with [12] who said a higher 
significant difference between the three groups type 1 DM group 
had a higher level of HbA1c than the type 2 DM group and the 
control group and type 1 DM group have HbA1c level more 
than the control group [11-13].

The level of AntiGAD was measured for each person who 
participated in this study (whether DM diseases or control 
individuals). AntiGAD has a significantly elevated, in T1DM 
(p<0.005), and T2DM (p<0.005). Compared with the control 
group, (Mean ± SD = 19± 6.2 IU/ml and 6.8± 0.52 IU/ml) 
in groups (T1DM and T2DM) respectively, while it was 
(2.6±1.1 IU/ml) in the control group. The results showed a 
highly significance correlation between the insulin hormone 
and AntiGAD (P 0.025). The results of the current study are 
consistent with several previous studies [7,8,10], which showed 
an increase in the AntiGAD levels were higher in type 1 diabetes 
than in type 2 diabetes because AntiGAD (glutamic acid 
decarboxylase) antibodies are autoantibodies usually associated 
with type 1 diabetes. In type 1 diabetes, the immune system 
mistakenly attacks and destroys insulin-producing cells in the 
pancreas, resulting in insulin deficiency [9,10,12]. AntiGAD 
antibodies are one of the markers used in the diagnosis and 
monitoring of autoimmune diabetes [14-15].

The results of this study are indeed significant as they provide 
valuable insights into the pathophysiology of diabetes and 
emphasize the importance of certain biomarkers in the diagnosis 
and management of the disease. The study found notable 
differences in both HOMA-IR and AntiGAD levels between 
individuals with diabetes (both type 1 and type 2) and the 

Results.
The current study included 60 patients (30 T1DM, 30 T2DM 

patients) and 30 healthy individuals serving as a control group; 
the demographic characteristics of patients and control subjects 
are demonstrated in Table (1). There was a highly significant 
difference in mean age among study groups (P <0.001) in such 
a way that diabetic type one patients were the oldest followed 
by type two diabetics and then by control group. There was no 
significant difference in mean body mass index (BMI) among 
study groups (P = 0.295). In addition, there was no significant 
difference in mean waist circumference among study groups (P 
= 0.337). In addition, there was no significant difference in the 
frequency distribution of patients and control subjects according 
to gender.

The level of HbA1C was measured for each person who 
participated in this study (whether DM diseases or control 
individuals). Table (2) shows descriptive statistics of HbA1C 
that has a significantly decreased, in T1DM (p<0.005), and 
significantly elevated in T2DM (p<0.005), Table (3), compared 
with the control group, (Mean ± SD =10.4± 0.4 % and 9.4± 0.3 
%) in groups (T1DM and T2DM) respectively, while it was (5.2 
±0.3 %) in the control group. 

The level of AntiGAD was measured for each person who 
participated in this study (whether DM diseases or control 
individuals). Table (4) shows descriptive statistics of AntiGAD 
that has a significantly elevated, in T1DM (p<0.005), and T2DM 
(p<0.005) Table (5), compared with control group, (Mean ± SD = 
19± 6.2 IU/ml and 6.8± 0.52 IU/ml) in groups (T1DM and T2DM) 
respectively, while it was (2.6±1.1 IU/ml) in control group.

Parameters Control 
(n=30) 

T1DM 
(n=30) 

T2DM 
(n=30)

Age (year) Mean±SD 39.5±5.1 44.2±4.33 51.1±9.2
P value <0.001 0.21

BMI (kg/m2) Mean±SD 25.99±3.1 27.38±3.9 26.23±3.9
P value 0.295 0.337

Table 1. Demographic characteristics of DM patients and control 
group.

Control 
(n=30) 

T1DM 
(n=30) 

T2DM 
(n=30)

N Valid 30 30 30
Missing 0 0 0

Mean 5.2867 10.4353 9.4867
Median 5.2000 10.3400 9.4000
Mode 4.90a 10.01a 9.10a

Std. Deviation 0.39 0.43 0.39
Variance 0.15 0.182 0.15
Sum 158.6 313.06 284.6

Table 2. Descriptive statistics of  HbA1C ng/ml.

Parameters Control 
(n=30) 

T1DM 
(n=30) 

T2DM 
(n=30)

HbA1C % Mean±SD 5.2 ±0.3 10.4± 0.4 9.4± 0.3
P value <0.005 <0.005

Table 3. Comparison between control and three patient groups by 
unpaired test.

Control Type 1 DM Type 2 DM

N Valid 30 30 30
Missing 0 0 0

Mean 2.5833 19.1 6.9
Median 2.5000 18 6.1
Mode 2.5 5 8
Std. Deviation 1.16 6.26 0.53
Variance 1.4 157.6 27.5
Sum 77.5 572.3 206.2

Table 4. Descriptive statistics of AntiGAD IU/ml.

Parameters Control
(n=30)

T1DM
(n=30)

T2DM 
(n=30)

AntiGAD IU/ml Mean±SD 2.6±1.1  19± 6.2 6.8± 0.52  
P value <0.005 <0.005

Table 5. Comparison between control and three patient groups by 
unpaired test.
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control group. HOMA-IR, which stands for Homeostatic Model 
Assessment of Insulin Resistance, is a widely used method to 
assess insulin resistance in individuals. Insulin resistance is 
a key factor in the development of type 2 diabetes, where the 
body's cells become less responsive to the effects of insulin, 
resulting in higher blood sugar levels. The significant differences 
in HOMA-IR levels observed between individuals with diabetes 
and the control group indicate the presence of insulin resistance 
in diabetic individuals [11-13].

This finding reinforces the understanding that insulin resistance 
plays a crucial role in the pathogenesis of type 2 diabetes. In 
addition to HOMA-IR, the study also highlighted significant 
differences in AntiGAD levels between individuals with diabetes 
and the control group. AntiGAD refers to anti-glutamic acid 
decarboxylase antibodies, which are autoantibodies that target 
and destroy GAD enzymes in the pancreas [14]. These enzymes 
are responsible for the production of a neurotransmitter called 
gamma-aminobutyric acid (GABA) that helps regulate insulin 
secretion. The presence of AntiGAD antibodies is strongly 
associated with type 1 diabetes (T1DM) and is considered a 
crucial biomarker for autoimmune diabetes. The study's findings 
regarding elevated AntiGAD levels in diabetic individuals 
further support the role of autoimmune mechanisms in T1DM 
and highlight the clinical significance of AntiGAD antibodies 
as a diagnostic marker [15]. By demonstrating these significant 
differences in HOMA-IR and AntiGAD levels, this study 
contributes to our understanding of the underlying mechanisms 
involved in the development and progression of both type 1 and 
type 2 diabetes [11-13]. It reinforces the importance of insulin 
resistance as a key factor in type 2 diabetes and highlights the 
autoimmune nature of T1DM. These findings have clinical 
implications as well, as they suggest the potential use of HOMA-
IR and AntiGAD levels as diagnostic and management tools 
for diabetes [11-13]. However, despite the valuable insights 
provided by this study, further research is needed to delve deeper 
into the underlying mechanisms behind these observations. 
Understanding the molecular and cellular pathways involved 
in insulin resistance and autoimmune processes will enhance 
our knowledge of diabetes pathophysiology. Additionally, 
investigating the clinical implications of these biomarkers, such 
as their predictive value for disease progression and response 
to treatment, is essential for improving diabetes management 
strategies.

In addition to these changes in diabetes and their association 
with AntiGAD levels, other parameters should be considered 
including localized proinflammatory milieu [16] and oxygen 
levels [17,18]. Additionally, patient-compiling diseases, such 
as, hyperlipidemia may also represent additional factors [19] 
due to modulation of endothelial markers and adipokines levels 
[20].
Conclusion.

The results of this study provide valuable insights into the 
pathophysiology of diabetes by revealing significant differences 
in both HOMA-IR and AntiGAD levels between individuals 
with diabetes (both Type 1 and Type 2) and the control group. 
These findings have important implications for the diagnosis 
and management of diabetes. HOMA-IR, a measure of insulin 

resistance, was found to be significantly higher in individuals 
with diabetes compared to the control group. This highlights 
the role of insulin resistance in the development of diabetes 
and emphasizes the need for interventions that target insulin 
sensitivity. Additionally, the study found elevated levels 
of AntiGAD, an autoantibody associated with autoimmune 
destruction of pancreatic beta cells, in individuals with diabetes 
compared to the control group. This suggests that autoimmune 
mechanisms may be involved in the pathogenesis of diabetes, 
particularly Type 1 diabetes. These findings underscore the 
importance of biomarkers like HOMA-IR and AntiGAD in the 
diagnosis and management of diabetes. By measuring these 
biomarkers, healthcare professionals can better understand 
the underlying mechanisms driving the disease and tailor 
treatment strategies accordingly. However, it is important 
to note that further research is needed to fully comprehend 
the mechanisms behind these observations and to determine 
their clinical implications. Future studies should explore the 
relationship between insulin resistance, autoimmune processes, 
and the development and progression of diabetes. This will 
enhance our understanding of the disease and potentially lead 
to more targeted and effective interventions for individuals with 
diabetes.
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