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INTRODUCTION
Diabetes mellitus (DM) is classically divided into two distinct 

categories – type 1 and type 2 (T1DM and T2DM), which 

account for the majority of cases. T1DM is characterised by 

beta cell destruction that usually occurs in the early stages of 

life. This beta cell destruction is thought to be mediated by  

an immune response to triggering factors that are not yet clearly 

defined. It often results in the rapid onset of an insulin-deficient 

state and consequent hyperglycaemia, which is clinically  

evidenced by weight loss, polyuria, and sometimes, diabetic 

ketoacidosis. While the incidence of T1DM is higher in children 

and adolescents, it can occur at any age.(1) The presence of 

serum markers of autoimmune beta cell destruction, such 

as autoantibodies against islet cell antigen (ICA), glutamic 

acid decarboxylase-65 (GAD-65) and insulinoma-associated 

antigen-2 (IA2) support a diagnosis of T1DM. conversely  

T2DM is characteristically linked to insulin resistance, with 

relative preservation of the beta cells at onset. This results in 

compensatory overproduction of insulin, leading to a state of 

hyperinsulinaemia, which can be evidenced by clinical markers 

such as centripetal obesity, acanthosis nigricans and the  

presence of a fatty liver. Although T2DM typically occurs 

after the age of 30 years, patients are presenting earlier 

due to the obesity epidemic in adolescents and young 

adults. HOMA-IR is a convenient method for estimating 

insulin resistance and has been validated against the hyper- 

insulinaemic euglycaemic clamp, which is both labour intensive 

and clinically invasive.(2) 

 The conventional demarcation of DM into two distinct 

clinical types is challenged by patients whose phenotype does  

not fit into either category, even after uncommon DM types 

such as maturity onset diabetes of the young, latent autoimmune 

diabetes of adults (LADA) and rare endocrinopathies have 

been ruled out. Due to the existence of these overlap cases, 

the traditional classification of DM is now questioned, and 

the two types of DM are proposed to be merely two ends of a  

continuous spectrum.(3) There are reports of insulin resistance 

in patients who have apparent T1DM,(4,5) and classical type 1 

autoantibodies have been detected in obese patients who 

phenotypically have T2DM.(6,7) These reports have led us 

to hypothesise that there is an overlap in the spectra of the 

two classical types of DM. To test this, we measured the  
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markers of autoimmune beta cell damage in both patients with 

T1DM and those with T2DM.

MeThODs
This cross-sectional study was conducted in the Endocrinology 

Unit and Diabetes Management Centre of Services Hospital, 

a tertiary care hospital in Lahore, Pakistan. The study was  

approved by the Institutional Review Board of Services 

Hospital/Services Institute of Medical Sciences. All research 

procedures were conducted in accordance with the principles 

laid down in the Helsinki Declaration. A total of 183 diabetic 

patients visiting the outpatient diabetes clinic were screened for  

inclusion through semipurposive sampling. Patients without 

a clear-cut T1DM or T2DM diagnosis were excluded from  

the study. LADA was not a definite diagnosis in our patient 

pool because routine autoantibody testing was not available; 

however, it was excluded on the basis of referenced clinical  

criteria.(8) Patients who had poor metabolic control and 

concomitant conditions, or were on drugs affecting insulin 

sensitivity/autoantibody detection were also excluded from 

the study. A total of 125 patients with either T1DM or T2DM 

were recruited. These patients went through the run-in phase of 

the study following the procurement of free, written informed 

consent. The clinical diagnosis of either type of DM was 

made by three endocrinologists who worked independently.  

The main criteria used for differentiating between T1DM 

and T2DM are shown in Table I. Of the 125 patients, 11 

were subsequently excluded, mainly due to poor glycaemic 

control, and/or the lack of follow-up on the scheduled 

visit date. The remaining 114 patients were sampled for  

autoantibodies, fasting insulin level and fasting glucose level 

on their final visit. As the serum samples from five patients 

could not be processed, the final sample size of our study 

was 109 patients, which comprised 82 patients with T2DM  

and 27 with T1DM. 

 During the run-in phase, all long-acting antidiabetic drugs 

that were likely to affect insulin sensitivity were withdrawn for 

a duration equal to five half-lives of the medicine. If required, 

the patients were switched to short-acting insulin or repaglinide 

until one day before the sampling. Patients were instructed  

to monitor their blood glucose levels at home and report 

back if the level exceeded 250 mg/dL at any time during the 

run-in phase. If this occurred, the patient was excluded from 

the study and his/her original medicines were reintroduced.  

Thereafter, all patients were called for a second visit, prior to 

which they had to fast overnight. After a detailed history was 

taken and a thorough examination done, 6 mL of venous 

blood was drawn for autoantibody assays and measurement of  

insulin and glucose levels. Blood samples were allowed to clot 

for half an hour, after which the samples were centrifuged at  

2,500 rpm for 15 mins at a temperature of 4°C. The separated 

serum was collected and stored in duplicate microcentrifuge 

tubes at –20oC until processing.

 Insulin levels were measured using an insulin enzyme-

linked immunosorbent assay (ELISA) kit (Nova Tec  

Immunodiagnostica GmBH, Dietzenbach, Germany; sensitivity 

limit 2 µIU/mL, intra-assay variation 2%; interassay variation 

6%). Autoantibodies against IA2 in the sera were measured 

using quantitative enzyme immunoassay (reference kit no.  

EA105/96; DLD Diagnostika GmBh, Hamburg, Germany). 

Assay precision had been calculated using two samples at 

different concentrations, with an intra-assay variation of 

1.9%–3.5%, and an interassay coefficient of variation of 

4.9%–9.8%. Values ≥ 7.5 U/mL were considered positive for  

IA2 autoantibodies. The assay is reported to have a clinical 

sensitivity of 66% and a specificity of 99%. Sera were also 

assayed for autoantibodies against GAD-65 using ELISA  

(reference kit no. EA104/96; DLD Diagnostika GmbH, Hamburg, 

Germany; intra-assay coefficient of variation 7.3%–8.5%, 

interassay variation 5.2%–5.7%, clinical sensitivity 92%, 

specificity 98%). The recommended cutoff value for positivity 

(i.e. ≥ 10 U/mL) was used. Autoantibodies to ICA were detected 

using enzyme immunoassay (Medizym, reference kit no. 

3804; Medipan GmbH, Berlin, Germany; intra- and interassay  

coefficient of variation of 2.5%–3.3% and 3.3%–4.8%, 

respectively). Values ≥ 1.0 binding index were considered 

positive. Insulin resistance was estimated using HOMA-IR, 

which was calculated using the following formula: fasting 

glucose (mmol/L) × fasting insulin (µU/ml)/22.5. Patients 

with an HOMA-IR value > 2.5 were deemed to have insulin  

resistance.(10)

ResUlTs
The final study population consisted of 109 patients – 82 were 

diagnosed with T2DM (46 women, 36 men) and 27 patients 

with T1DM (16 women, 11 men). Descriptive statistics for  

continuous variables are shown in Table II. 

 One or more autoantibodies were detected in 29 (26.6%) 

of the 109 patients studied. Among the 27 patients with T1DM,  

Table I. Clinical criteria used for the classification of diabetes 
mellitus.

Type 1 Type 2

• Onset < 30 years of age • Onset > 30 years of age

• Rapid onset • Insidious onset

• Marked osmotic symptoms • Family history of T2DM

• History of significant 
weight loss

• Overweight/obese

• Documented history of 
diabetic ketoacidosis

• WC ≥ 80 cm for females; 
WC ≥ 90 cm for males(9)

• Absence of acanthosis 
nigricans*

• Positive acanthosis 
nigricans*

• Absence of fatty liver** • Presence of fatty liver**

• Insulin requirement • Lack of insulin requirement

*Acanthosis nigricans was checked at the nape of the neck. **Diagnosis of 
fatty liver was made if a clinically enlarged liver was found and confirmed using 
ultrasonography. 
T2DM: type 2 diabetes mellitus; WC: waist circumference
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19 (70.4%) were positive for at least one autoantibody,  

12 (44.4%) were positive for two autoantibodies, while all 

three autoantibodies were detected in 4 (14.8%). ICA and  

GAD-65 autoantibodies showed a similar frequency in patients 

with T1DM – 16 were positive for ICA, while 15 were positive 

for GAD-65. IA2 was detected in eight patients with T1DM. 

 Of the 82 patients with T2DM, 10 (12.2%) tested positive for 

at least one autoantibody, 1 (1.2%) showed dual autoantibody 

positivity, while all three autoantibodies were present in  

2 (2.4%). IA2 was the most common autoantibody detected 

in patients with T2DM, with a frequency of 7/82 (8.5%), 

followed by GAD-65 (5/82, 6.1%). Only 3 (3.6%) patients with 

T2DM tested positive for ICA autoantibodies. Fig. 1 shows a  

comparison between the clinical characteristics of patients 

with T2DM with positive and negative autoantibody status. 

No significant differences were seen between the two groups 

for all the variables studied, which included age at diagnosis  

(p = 1.0), BMI (p = 0.9), waist circumference (p = 0.7), 

area of acanthosis nigricans (p = 0.4), enlarged fatty liver 

(p = 0.5), HOMA-IR value (p = 0.5), and presence of insulin  

resistance (p = 1.0).

 78% of the patients with T2DM and 37% of those with 

T1DM had insulin resistance (defined as HOMA-IR > 2.5).  

59 (71.9%) of the patients with T2DM and 7 (5.9%) of those 

with T1DM showed clinical evidence of an enlarged fatty  

liver, a marker of insulin resistance. Comparison of the clinical 

features of T1DM patients with and without insulin resistance 

showed that the two groups were similar in terms of age at 

diagnosis (p = 0.5), waist circumference (p = 0.1) and degree 

of acanthosis nigricans (p = 0.8). However, patients with 

T1DM who have HOMA-IR > 2.5 had a significantly higher  

BMI (mean ± standard deviation [SD]: 25.1 ± 7.4, standard  

error of the mean [SEM] 2.3) than insulin-sensitive patients with 

T1DM (mean ± SD: 19.4 ± 4.7, SEM 1.1) (p = 0.02).

DIsCUssION
While the prevalence of T1DM has risen in the last decade, 

that of T2DM has reached epidemic proportions.(11) This 

dramatic rise has been attributed to changing lifestyles,  

resulting in a rise in obesity and insulin resistance across all 

strata of society. This epidemic of diabesity, coupled with the  

decreasing age of onset of T2DM, has resulted in an increasing 

number of patients in whom the distinction between the two 

classical DM types has become blurred. With nearly a third of 

the young population overweight(12) and consequently insulin  

resistant, one can expect some overlap of this state with 

autoimmune DM. In the same way an insulin-resistant patient 

may catch pneumonia or develop arthritis, the patient can also 

end up ‘catching’ T1DM because the presence of obesity or 

genetic insulin resistance does not rule out, or confer protection  

against, the development of autoimmune T1DM. Indeed, 

Suzuki et al have reported cases of autoimmune insulin-

requiring DM superimposed on classical T2DM, years after the  

original diagnosis.(13) This would result in the concurrence 

of autoimmune DM and T2DM in the same patient. In 

the present study, we tested this hypothesis by measuring  

autoantibodies against beta cell antigens in patients with T2DM. 

A control group of patients with T1DM were also tested for 

comparison purposes. 

 There were clear and significant differences in the age 

of onset, BMI, waist circumference, area of acanthosis 

nigricans, and frequency of fatty liver among the T1DM and 

T2DM cohorts. This was expected since these criteria were  

among those used to assign a clinical type to the study 

subjects, and only clear-cut cases of either type were recruited 

(patients with indeterminate phenotypes and those in whom a  

consensus could not be reached were excluded). Although  

insulin resistance was more prevalent in patients with T2DM, 

interestingly, 37% of the patients with T1DM also had an 

HOMA-IR greater than the cutoff value of 2.5, indicating 

that insulin resistance could be found not only in patients 

with T2DM but also in classic cases of T1DM. This finding  

is particularly significant because the HOMA model tends 

Table Il. Clinical characteristics of patients with type 1 and  
type 2 diabetes mellitus.

Clinical 
characteristics

Mean ± sD p-value

Type 1  
(n = 27)

Type 2
(n = 82)

DM onset age (yrs) 17.48 ± 9.87 42.22 ± 8.80 0.000

BMI (kg/m2) 21.50 ± 6.34 28.25  ± 5.55 0.000

WC* (cm) 77.11  ± 15.50 99.90 ± 10.85 0.000

WhR† 0.89 ± 0.06 0.98 ± 0.12 0.000

Area of AN‡ (cm2) 2.59 ± 6.71 9.73 ± 11.86 0.004

hOMA-IR 4.65 ± 6.66 5.67 ± 5.57 0.434

*Measured at the level of the iliac crest using a horizontal tape measure. 
†The widest horizontal measure around the hips was measured as the hip 
circumference. ‡Acanthosis nigricans area was measured at the nape of  
the neck.
AN: acanthosis nigricans; BMI: body mass index; DM: diabetes mellitus;  
HOMA-IR: homeostatic model assessment of insulin resistance; SD: standard 
deviation; WC: waist circumference;  WHR: waist-hip ratio

Fig. 1 Compar ison between autoant ibody -posit ive (Ab +ve) and 
autoant ibody -negat i ve (Ab –ve) pat ients with t ype 2 d iabetes 
mel l i tus . Independent samples t- test showed that there was no 
signif icant dif ference for all the parameters studied. Data show the  
absolute mean values. 
AN: acanthosis nigricans; BMI: body mass index; HOMA-IR: homeostatic  
model assessment of insulin resistance; WC: waist circumference
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to underestimate insulin resistance in patients with T1DM 

who have beta cell dysfunction.(14) Multiple studies have also  

documented insulin resistance among patients with T1DM.(15,16) 

This trend may reflect the response to environmental influences 

that promote obesity, which patients with T1DM are similarly 

exposed to.(15) As postulated by the accelerator hypothesis, rising 

obesity and insulin resistance are the major factors contributing 

to the increasing incidence of both T2DM and autoimmune  

T1DM.(17) In our study, patients with T1DM who were insulin 

resistant (37%), though not overtly obese, still showed a  

significantly higher BMI than those who had normal insulin 

sensitivity (p = 0.02). This finding seems to support the theory 

that the boundary between the two types of DM is now blurred. 

It also emphasises the need for lifestyle intervention that aims  

for weight control in patients with T1DM.

 Islet autoantibodies were detected in 70.3% of the 

T1DM cohort, with the majority testing positive for multiple 

autoantibodies. This is in accordance with the reported  

literature.(18,19) Of greater interest is the finding that 12.2% of the 

T2DM cohort also tested positive for at least one autoantibody 

against islet cells, including three patients with multiple 

autoantibody positivity. This finding favours our hypothesis that 

autoimmune markers are detectable in phenotypically insulin-

resistant patients with T2DM. Although GAD-65 is reported 

in the literature as being the most frequent autoantibody 

found among adult diabetics,(20) IA2 was the most common  

autoantibody found in our T2DM sample. This may be because 

we did not include patients with LADA in our study, as GAD-

65 positivity is classically associated with the specific diagnosis 

of LADA, which is distinct from T2DM.(21) In comparison,  

Bottazzo et al reported the presence of IA2 to be “infrequent 

(2.2%) among type 2 diabetics, but highly predictive of future 

insulin requirement”.(22) Among the three autoantibodies 

measured in the present study, ICA showed maximum pre- 

dilection for T1DM, and was the least frequent among the 

T2DM cohort. Studies across the world have documented ICA  

as being the most prevalent autoimmune marker of T1DM, 

with a sensitivity of 70%–80% and a specificity of more  

than 99%.(23)

 We found no significant historical, phenotypic or laboratory 

parameters that predicted autoantibody positivity in patients 

clinically labelled as T2DM. The mean age of onset, BMI, 

waist circumference, area of acanthosis nigricans, and 

even HOMA-IR value of patients with T2DM who showed  

autoantibody positivity were statistically similar to patients 

with T2DM who were autoantibody-negative. Other studies 

have also failed to detect clinical or biochemical features that 

are predictive of autoimmunity in patients who have apparent 

T2DM.(24,25) Therefore, the identification of autoantibody- 

positive adults remains difficult as autoantibody screening 

of all diabetics is not economically feasible. The presence 

of autoimmune markers in patients with T2DM may be an  

incidental finding, as autoantibodies are found in up to 3% of 

the nondiabetic population,(19) or it may predict future insulin 

requirement in affected individuals.(26,27) Complications, and 

perhaps complete beta cell failure, may be prevented by 

identification and careful follow-up of these patients with  

apparent T2DM by clinicians, and prompt institution of insulin 

therapy.(28,29) While the results of our study have important 

implications on the modification of future management 

strategies of diabetes subgroups, these results need to be  

confirmed using larger, controlled prospective trials.
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