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Abstract.

Background: T2DM (Type 2 diabetes mellitus) is considered
a disease that affects old age group. Recently, it has become
common in children, adolescents and adults.

Aim of the work: To highlight the challenges in differentiating
T1DM (typel diabetes mellitus) from T2DM (type2 diabetes
mellitus) in early onset diabetes in youth depending on clinical
and laboratory characteristics.

Methodology: Our cross-sectional study was performed on
200 newly diagnosed diabetic patients aged (18-30) years. All
patients were subjected to detailed medical history and full
clinical examination. Laboratory investigations included FBS,
2hPP, HbA1C, fasting C peptide and GADA.

Results: About 59% (118) of our patients were T2DM while
(82) 41% were T1DM. T1DM was more dominant than T2DM
in age group less than 25 years (T1DM 79% versus T2DM 21%,
P < 0.001), while T2DM was more than T1DM in age group
more than 25 years (T2DM 93% versus TIDM 17%, P <0.001).
GADA was detected in 73.2 % of T1DM patient and it was high
titer while GADA was detected in only 8% of T2DM with low
titer, in addition GADA positive patients were significantly
younger than negative patients, age (20.9 + 2.5 years vs. 26.4 +
3.5 years respectively) (P <0.001).

Conclusion: About 8% of phenotypically type 2 diabetic youth
had GADA positive antibodies which did not confer impact on ¢
peptide level or glycemic control yet type 1 diabetics who were
GADA negative had a better glycemic control.

Key words. Diabetes mellitus, C peptide, GADA.

Introduction.

The prevalence of diabetes is increasing all over the world,
especially in developing countries, because of genetic
background and changing lifestyles of people. Diabetes is
increasing in the young adult in developing countries than in the
West, as it is more common in old population. This will cause
much economic burden worldwide especially in developing
countries [1].

Diabetes mellitus is classified into type 1 and type 2 according
to its pathophysiology and etiology. Pathophysiology of type
ldiabetes is mostly caused by b-cell destruction by anti-islet
autoimmunity, and eventually leads to an insulin-dependent
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state; on the other hand, pathophysiology of type 2 diabetes
mellitus includes both insulin resistance and insulin insufficiency
and does not generally lead to an insulin-dependent condition
[2].

Diagnosis of types of diabetes at presentation in adults is
difficult, especially in young adults. Difficulties in classification
of diabetes are also increasing in both adolescents and the
elderly, as the incidence of autoimmune diabetes is also high as
at the young age group [3].

In addition to the clinical classification of diabetes based
on body mass index (BMI), age, ketoacidosis, and other
clinical characters, we need other tools for classification, as
determination of type of diabetes affects choice of treatment and
prognosis, including development of complications [4].

Aim of the study.

The study aimed at characterization of the clinical and
immunological profile of a cohort of newly diagnosed youth
with diabetes mellitus enrolled in the national HCV (Hepatitis
C virus) screening campaign in Egypt.

Materials and Methods.

Study population: Our cross-sectional study was conducted
on two hundred patients aged (18-30 years) with newly
diagnosed diabetes mellitus (up to three month of diagnosis)
between January 2019 and March 2020. All patients attended
the Diabetes Clinic of the National Institute of Diabetes
and Endocrinology as a part of a National survey in Egypt
(100-Million-Seha). It was a convenient sub sample from this
national survey taken from the National Institute of Diabetes
and Endocrinology which is a referral tertiary care center in
Egypt. Patients recruited for the study were either referred
to the survey clinic or diagnosed and were following in the
survey clinic of this center. The study was approved by Ain-
Shams University - Faculty of Medicine local Research Ethics
Committee (REC) FWA 000017858, all patients approved and
signed an informed consent.

Patients were diagnosed with diabetes according to ADA,
2020 guidelines, HbA1C >6.5% (48 mmol/mol) and/or FBG
>126 mg/dL (7.0 mmol/L) and/or OGTT >200 mg/dL (11.1
mmol/L) [5].
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A structured interview schedule was used to collect
demographic information. Sociodemographic data included:
history of autoimmune diseases, medication history, drinking
and smoking habits, family history of diabetes mellitus, other
endocrinopathies and autoimmune diseases. Age at diagnosis,
gender, history of Ketoacidosis at presentation of diabetes, and
the duration of diabetes.

Exclusion criteria:

- Medical illnesses that would potentially affect results or
interfere with completion of the study, including serious
cardiovascular disorders (Myocardial infarction and acute
coronary syndrome), active infections, chronic kidney disease,
liver diseases and pregnancy.

- Drugs that may affect blood glucose level as benzodiazepines,
Thiazide diuretics, steroids, Birth control pills, Progesterone,
Catecholamines and antipsychotic medications.

Clinical assessment:

All patients were subjected to a thorough clinical examination
including body weight and signs suggestive of insulin resistance
as acanthosis nigricans, central obesity and stria.

Classification of diabetes.

Patients were classified to Type 1 or Type 2 according to
the clinical characters recommended by the ADA report [5].
Classifications were based on type of onset (acute or insidious
presentation), BMI, history of urine ketones and signs of insulin
resistance as acanthosis nigricans.

Classification of TIDM was determined by these criteria:
presence of acute classic symptoms, which needed insulin
to treat hyperglycemia, presence of DKA at presentation,
underweight patients, history of other autoimmune diseases,
low level of C peptide and presence of antiGAD antibodies [6].

Classification of T2DM was also determined to patients
who were obese, had signs of insulin resistance as acanthosis
nigricans, higher BMI, prominent family history of DM, diabetes
for a long period without need of insulin therapy, accidently
discovered and mainly with normal to high c peptide level [6].

According to ¢ peptide level patients were classified to Insulin
deficient and non-insulin deficient, we considered patient with
¢ peptide < 0.6 ng/ml as insulin deficient. This cut-off was
designated according to Leighton et al., study who recommended
a ¢ peptide level less than 0.2 nmol/l = 0.6 ng/ml (cut-off point)
was associated with a diagnosis of type 1 diabetes mellitus
(TIDM) [7].

Collection of blood samples.

After overnight fasting of 8 hours, a sample of 5 ml venous
blood was collected by sterile plastic syringe, Blood samples
were allowed to clot, and the serum or plasma separated by using
centrifugation. Serum samples were clear and non-hemolyzed.
Contamination by hemolysis or lipemia was avoided. Specimens
were refrigerated at 2-8°C till time of assay.

Laboratory tests included.

Fasting C-peptide level was measured by direct ELISA method
using easy way diagnostic kit (Diagnostic Biochem Canada
Inc., Canada). Reference range of C-peptide followed in the
present laboratory is 1.1-4.4 ng/mL. Anti-GADA was measured
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by enzyme-linked immunosorbent assay method (ELISA) using
Medizym anti-GAD kit. The cut-off value for anti-GAD was
taken as 10 IU/mL according to the recommendations for the
kit, and values above 10 IU/mL were taken as positive [8].

Fasting blood sugar and postprandial blood sugar were
estimated by enzymatic UV test (glucokinase method) on
Beckman coulter-Olympus AU2700 Chemistry Analyzer.
HbAlc was measured in whole blood by ion exchange high
performance liquid chromatography using Bio-Rad Variant II
HbA 1c analyzer.

Statistical analysis.

The results were expressed as mean, standard deviation and
standard error of mean. All data of morphometric and biochemical
analysis were collected, revised, and then subjected to statistical
analysis. Comparison between more than two independent
groups with quantitative data and parametric distribution were
done by using One Way ANOVA test followed by post hoc
analysis using LSD test. Spearman correlation coefficients
were used to assess the correlation between two quantitative
parameters in the same group.

Statistical Package: All statistical data were performed by
using SPSS (Statistical Program for Social Science) statistical
Package (SPSS Inc.) version 20.

Results.

A total of 200 participants recently diagnosed as diabetic
(within three months of diagnosis) with mean age of (18-30)
years were recruited . They were classified into TIDM and
T2DM according to clinical, laboratory and immunological
markers. T1DM comprised about (59%) while T2DM comprised
about (41%) of our population.

Phenotypic and laboratory characteristics.

20% of T2DM patients presented without symptoms while all
T1DM patients had weight loss, polyuria, or ketosis. acanthosis
nigricans was seen in 40% of our T2D group and not seen in
T1D. 7% of our T2DM female patients had irregular periods
and diagnosed as PCO, while none of TIDM females had
history of PCO. Other clinical and laboratory characteristics are
shown in Table (1).

Comparison between T1DM and T2DM regarding clinical and
laboratory characteristics showed that FBG, HbA1C, GADA
titre, AID and DKA were significantly higher in TIDM (P<
0.001) while C peptide, age, BMI, and family history were
significantly higher in T2DM (P< 0.001) Table (2).

Subgrouping according to GADA antibodies.

Subgrouping according to GADA titer showed that higher
GADA titer tends to have poorer glycemic control than those
with low GADA titer, also C-peptide level was lower in high
GADA titer group.

Comparison between GADA negative and GADA positive
patients showed that age, BMI, ¢ peptide and family history
were significantly higher in GADA —ve group while DKA was
significantly higher in GADA +ve group Table (3).

Correlation between GADA titre and different parameters
showed highly significant positive correlation between HbAlc
and GADA titre (P<0.001), significant positive correlation
between (autoimmune diseases, FBS) and GADA titre (P<0.05)



GEORGIAN MEDICAL NEWS
No 12 (333) 2022

Table 1. Laboratory and clinical characteristics of the studied
population.

Variables Value
Gender:
Male (n)84
Female (n)116
Clinical presentation
Asymptomatic (n)24 (12%)
DKA (n)82 (41%)
Acanthosis Negricans (m)47 (23%)
PCO (n)8 (4%)
Family history (n)105 (52%)
Autoimmune diseases (n)18 (9%)
Thyroid m)11
Rheumatoid arhiritis n)3
Other autoimmune diseases (n)4
C peptide level (ng/ml)
Low C peptide (< 1.1) (n)78 (39%)
Normal C peptide (> 1.1) (n)122 (61%)
Type of diabetes
T1DM (n)82 (41%)
T2DM (m)118 (59%)
GADA state
GADA Positive (n)69 (34.5%)
GADA Negative (n)131 (65.5%)
BMI
<25 (n)65 (32%)
25 - 30 (n)65 (32%)
>30 (n)70 (35%)
Mean+ SD
Age at diagnosis (years) 24.5+4.1
Duration of DM (month) 1.3+0.9
FBS (mg/dl) 285+ 80
HbAlc (%) 10£1.6

PCO: Polycystic Ovarian Disease; DKA: Diabetic Ketoacidosis; BMI: Body
Mass Index; FBS: Fasting Blood Sugar; GADA: Glutamic Acid Decarboxylase
Antibody; TIDM: Tipe 1 Diabetes; T2DM: Type 2 Diabetes.

Table 2. Comparison of both types of diabetes regarding laboratory
and clinical characteristics.

T2DM T1DM Total
(118) (82) (200)
Mean £ SD Mean £ SD Mean = SD
2459 +54.5 341.3+79.2 285.0+80.7 0.03

P value

FBS (mg/dl)

HbAI1C (%) 92+1.5 11.1+1.0 10.0+1.6 0.041
C Peptide(ng/ml) 1.4+ 0.5 0.7+03 1.1+£0.5 <0.001
GADA titre 1.78+5.5 438+775 180539 |<0.001
Age (years) 265+3.6 21.6+29 245+41 <0.001
BMI (kg/m2) 31,649 214+£38 274+6.7 0.007
N(%) N(%) N(%)
GADA 9 (7.6%) 60 (73.2%) 69 (34.5%) <0.001
Family History 83 (70.3%) 22(26.8%) 105 (52.5%) 0.006
AID 3 (2.5%) 15 (18.3%) 18 (9%) 0.002
DKA 6 (5.1%) 76 (92.7%) 82 (41%) <0.001

BMI: Body Mass Index; AID: Autoimmune Diseases, DKA: Diabetic
Ketoacidosis; GADA: Glutamic Acid Decarboxylase Antibody; TIDM:
Type 1 Diabetes; T2DM: Type 2 Diabetes.
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Table 3. Comparison between GADA positive and GADA negative
patients according to clinical and laboratory characteristics.

Positive GADA Negative GADA

(69) 131) P value
Mean £+ SD Mean £+ SD
Age (years) 209+2.5 26.4+3.5 <0.001
BMI(kg/m2) 21.8+43 30.3+59 <0.001
FBS (mg/dl) 350+ 79 250.3 £56.3 0.05
A1C (%) 11+1 94+1.5 0.06
C Peptide (ng/ml) 0.76 +£0.33 1.3£0.5 <0.001
N (%) N (%) P Value
Fam. Hist 25 (36%) 80 (61%) <0.001
AID 14 (20%) 4 (3.1%) 0.04
DKA 54 (78%) 28 (21%) <0.001

BMI: Body Mass Index; FBS: Fasting Blood Sugar, AID: Autoimmune
Diseases; DKA: Diabetic Ketoacidosis;, GADA: Glutamic Acid
Decarboxylase Antibody.

Table 4. Comparison between Insulin deficient and non-insulin
deficient patients according to clinical and laboratory characteristics.

Insulin deficient Non-Insulin deficient

65) C Peptide < 0.6 (135) C Peptide > 0.6

f.g/znl b E.g/nzl b P value

Mean £SD /n (%) Mean=£SD/n (%)
Age (years) 21.55+3.03 25.9+3.88 <0.001
BMI(kg/m2) 20.78 + 3.44 30.6+5.5 <0.001
Fam. Hist 21 (32.3%) 84 (62.2%) <0.001
AID 13 (20%) 5(3.7%) 0.04
DKA 64 (98%) 18 (13.3%) <0.001
FBS (mg/dl) 350.9 + 77.36 253.2 £ 60.69 0.05
A1C (%) 11.09+0.79 9.42+1.6 0.06
T1DM 65 (100%) 17 (12.6%) <0.001
GADA + 46 (70.7%) 23 (17%) <0.001

FBS: Fasting Blood Sugar; AID: Autoimmune Diseases; DKA: Diabetic
Ketoacidosis; GADA: Glutamic Acid Decarboxylase Antibody.

and Significant negative correlation between (age, BMI,
C-peptide) and GADA titre (P <0.001).
Subgrouping according to C peptide.

Comparison between Insulin deficient and non-insulin deficient
patients according to clinical and laboratory data showed that
age, BMI, family history was significantly higher in non-insulin
deficient group (P<0.001) while DKA, number of TIDM and

GADA +ve were significantly higher in insulin deficient group
(P<0.001) Table (4).

Discussion.

The prevalence of diabetes globally is estimated to be 9.3%
(463 million people) in 2019, which expected to increase to
10.2% (578 million) by 2030 and to 10.9% (700 million) by
2045 [9].

According to a report published by the World Health
Organization (WHO) in 2014, ten Egyptians between the age of
15 and 59 years are affected. Therefore, the government exerted
a tremendous effort by launching national programs. The Survey
aimed at screening citizens above the age of 18 to determine
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the prevalence of chronic diseases like diabetes, hypertension,
obesity, and Hepatitis C.

This study focuses on the challenges of discriminating T1D
from T2D in early-onset diabetes in the young adults (aged 18
- 30 years old) due to the great overlap in clinical symptoms,
progression of the disease and lab characteristics. However,
some clinical features at presentation may help.

In our study, about 20% of T2D presented with symptoms
while all of T1D patients had either ketosis, weight loss or
polyuria, (Patients presented with symptoms were more likely to
be type 2 diabetic). Similarly, Yeow, et al., mentioned that One
of five patients of T2D had no symptoms at presentation while
all of T1D patients had obvious symptoms [10]. Asymptomatic
patients were higher in Sahoo et al study and it was 45 % in
T2DM and 5% in T1DM with significant difference (P <0.001)
[11].

Acanthosis nigricans, was seen in 40% of our T2D group
and not seen in T1D. Indian patients had similar incidence of
acanthosis nigricans, about 36% in T2DM and 3% in T1DM
with significant difference (P <0.05) [11]. Another Indian study
showed similar incidence 47.2% in T2DM and 2.6% in TIDM
with highly significant difference (P <0.001) [12]. On the other
hand, incidence of acanthosis nigricans was higher in Mexican
study as it was seen in 82% of T2DM patients and 23 % of
T1DM patients, but the age group of this study was below than
16 years old [13]. The absence of acanthosis nigricans in our
T1DM patients may be due to their low BMI (21.4 + 3.8 Kg/
m?).

Also, about 7% of our type 2 diabetic females had irregular
periods and diagnosed as PCO, on the other hand, none of type
1 diabetic females had history of PCO. Similar to our study
Unnikrishnan s study mentioned that, in adolescent girls, the
presence of irregular cycles and polycystic ovarian syndrome
(PCOS) goes with the diagnosis of T2D [14].

57% of our T2DM patients were overweight and obese while
only 3.7% of TIDM patients were obese (P <0.05). Similarly,
in a study conducted by Yeow et al, 53% of T2DM patients
were overweight and obese but, 63% TIDM patients were
underweight and only 2.6% obese (P< 0.001) [10]. Also in
Reinehr, et al. Study, T2DM patients were significantly obese
compared to T1DM patients who had significant lower BMI
(P<0.001) [15].

In our population, the glycemic control was worse in T1D than
T2D and the average HbAlc and glucose at presentation were
higher in T1D than it was in T2D (P <0.05). Also, in the study
conducted by Sahoo et al., Indian TIDM patients had higher
HbA1c% than T2DM with significant difference (P<0.05) [11].
Additionally in the study conducted by Reinehr et al. in German,
difference was more significant, Glucose and HbAlc were
significantly higher in TIDM children compared to children
with T2DM (P <0.001) [15]. Unnikrishnan et al reported that,
the degree of hyperglycemia is not a reliable indication to the
type of diabetes, however type 2 diabetic patients tend to have
higher blood sugar than type 2 diabetic patients [14]. However,
Yeow et al., reported that the TID and T2D patients were
equally poorly controlled [10].

Incidence of DKA was higher in our TIDM patients (92.7%)
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than in T2DM patients. Similarly, a study conducted in India
showed 93.4% incidence of DKA in T1IDM [12]. Incidence of
DKA was lower in developed countries may be due to better
access to medical advice and early diagnosis of diabetes by
physicians. This difference may also be due to geographical and
racial variations or environmental factors. We depended on both
emergency room and outpatient clinic to collect our patients,
but other studies depended only on clinic, this may be the cause
of increase incidence of DKA in our patients.

70% of our T2D patients had a family history of diabetes, while
26% of T1D had family history of diabetes (P <0.05). An Indian
study showed the same finding, family history was significantly
higher in T2DM (60%) than in TIDM (26%) (P <0.05) [11].
Similarly, 67% of T2DM and 22% of T1DM had family history
(P <0.001) by Unnikrishnan, et al. [12] Frequency was higher
in Malaysian study as all of T2D reported family history of
diabetes, while 29% only of T1D didn’t have family history of
diabetes [10]. Unlike our study, Tanzanian study reported that,
no significant difference between family history in both T1IDM
and T2DM; 44.7% of T1DM and 45% of T2DM had family
history of DM [16].

We found that autoimmune diseases were prevalent among
T1D (18%) with predominantly thyroid autoimmune disorders,
rheumatoid arthritis, and autoimmune hepatitis, while only
2.5% of T2DM had history of autoimmune diseases (P<0.05).
Similarly, Incidence of other autoimmune diseases were (29%)
in TIDM and (3%) inT2DM in an Indian study (P <0.05) [11].

Also, Many studies reported that, Autoimmune disorders
occurred predominantly in T1D with predominantly thyroid
diseases but with no significant difference between T1DM and
T2DM regarding incidence of autoimmune diseases (P >0.05)
as reported by Yeow's study [10].

The most common autoimmune diseases associated with type
1 diabetes include Graves’ disease and (15-30%) Hashimoto’s
thyroiditis, (4-9%) celiac disease, (5-10%) autoimmune
gastritis/pernicious anemia, (0.5%) Addison’s disease and
vitiligo (2-10%). These diseases were more common in children
and adolescents with type 1 diabetes compared to healthy ones [17].

In our study, Female appears to be more susceptible to T2DM
than male, with an overall female-to-male ratio of 1.68:1 and it
was the same result of previous Chinese study [18]. Thai et al
reported that nearly 59% of their female patients were T2DM
[19]. On the other hand, in Tanzanian study, male patients had
more susceptibility for T2DM with incidence of 58% of whole
participant [16].

Our T2DM had normal or high level of C peptide, while T1IDM
patient mainly had low level of ¢ peptide with a significant
difference (P <0.001). TIDM confirmed in all our patients with
C peptide <0.7ng/ml. Other studies confirmed T1DM with the
following levels: < 0.75 ng/dl [20], < 0.7 ng/ml [21], < 0.5 ng/
ml [22] and < 0.5 ng/ml [23].

In our study, T2DM confirmed in all patients having ¢ peptide
> 1.4 ng/ml. Similarly, other studies reported T2DM in all
patients having c peptide > 1.5 ng/ml [24]; and c peptide > 1
ng/ml [25].

We detected GADA in 73.2 % of TIDM patient and it was
high titre, On the other hand GADA was detected in only 8%
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of T2DM with low titre and most cases 92% were negative for
GADA. Another similar study, prevalence of GADA is 79.4%
in TIDM and 8.1% in T2DM [26].

In Caucasians, GAD ab is found in 60-90% of newly diagnosed
IDDM patients [27].

The prevalence of GADA differs with different ethnicities.
The positivity of GADA in T1DM patients was 73.2% in our
study in Egypt, 79% in Germany [28] and Belgium [29] and
is 69% in Sweden [30]. On the other hand, the prevalence of
autoantibodies in Asia was lower with only 44.3% GADA
positivity in Singapore [19] and an IA2A positivity of 25.8% in
China [31] Chan et al. found GAD antibodies in a small study of
39 Chinese patients with IDDM, their mean + SD of age was 37
+ 15 years [18]. Our larger study of 82 IDDM patients showed a
younger mean age of 21.6 + 2.9 years. We found that prevalence
for GADA positivity was 73.2% and also an association between
GADA antibodies and younger age.

Seventy three percent of our patients were positive for GADA
who were significantly younger (P <0.0001), had lower mean
BMI than GADA negative patients. Similarly, Chan et al.,
mention that the insulin-deficient patients showed younger age,
higher levels of anti-GAD antibodies and lower BMI [18]. Also,
Thumer et al., mention that, Patients presented with autoimmune
diabetes tend to have a lower BMI percentile at onset than do
patients with non-autoimmune diabetes [32].

The absence of GADA did not exclude T1D in our population.
22 out of 82 T1D youth (26.8%) who were insulin dependent,
had no antibodies. Those patients have the description of
idiopathic T1D, a type of T1D not associated with antibodies,
for which insulin treatment is mandatory. Idiopathic T1D
occurs more commonly in African or Asian populations [5] In
a Malaysian study, 32% of patients with almost complete beta-
cell destruction, they had no pancreatic autoantibodies [33].
38% of TIDM were GADA negative in Indian study [11]. So,
incidence of Idiopathic T1DM in our study was lower than both
Indian and Malaysian study and mainly autoimmune driven.
While most of the Caucasian TIDM population is driven by
autoimmune mechanism, the role of autoimmunity among
Asians with T1D is lower [34].

On the other hand, 9 of our patients had (7.6%) positive
antibodies with detectable C-peptide and phenotypically going
with NIDDM so classified as T2DM. In a study by Nazaimoon
et al, 7.5% of Malaysian population clinically diagnosed as
T2D, had positive antiGAD antibody [34].

In Our study, GADA titer shows negative correlation
with c-peptide. Similarly, Chan study documented negative
correlation between GADA titre and C peptide [18]. On the
other hand, Y, et al reported that the presence of autoantibodies
did not correlate with C-peptide or HLA risk alleles [35]. Our
explanation the correlation in our study was done between the
GADA titre and c peptide level not only GADA positivity as in
Yu study.

In our study the prevalence of GADA correlated negatively
with age at diagnosis. This goes with studies on Caucasians
[29]. Similarly, Chan et al.'s [18] found an association between
GADA and younger age, early age of onset and low BMI
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while Thai et al. did not find this result. An explanation for
this discrepancy is that Thai et al., IDDM patients were older
in age compared to other study and were more heterogenous in
their clinical characteristics and the state of beta-cell function in
comparison to our IDDM patients [19].

Conclusions.

About eight percent of phenotypically type 2 diabetic youth
had GADA positive antibodies which did not confer impact on
¢ peptide level or glycemic control yet type 1 diabetics who
were GADA negative had a better glycemic control. Better
characterization of diabetes phenotype is prudent to guide
treatment.
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