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An older nosology of diabetes distinguished two major groups, the “insulin-dependent” and “non-
insulin-dependent.” Some argued that this was no more a definition of real subgroups than would be 
characterization of cases of pneumonia as those responding or not responding to a given antibiotic.  A 
myriad of factors leading to hyperglycemia have been delineated, including islet autoimmunity, insulin 
secretory defects, resistance to insulin action, and obesity, but efforts to better characterize diabetes 
phenotypes have not been widely accepted.  We currently term diabetes as type 1 and type 2, with 
recognition of the former as an autoimmune disease directed at the β-cell.  Type 2 diabetes is, however, 
a complex disease in which both insulin resistance and insulin deficiency play roles.  To be 
worthwhile,novel approaches to phenotyping type 2 diabetes would provide improvement both in 
therapeutic decision making and in assessing risk of diabetes-related complications. 
 
In a complex study published last year, Ahlqvist and colleagues analyzed diabetes characteristics of a 
large Swedish cohort, with replication in three other Scandinavian groups, using C-peptide and glucose 
measurement to assess insulin deficiency and resistance (1).  Insulin secretion and insulin resistance 
were based on the Homeostasis Model (HOMA)2 B and IR indices, respectively.  Among diabetic persons 
not having evidence of islet autoimmunity, four subgroups were distinguished using cluster analysis (1).  
The first group was termedsevere insulin deficiency diabetes (SIDD), characterized at onset by relatively 
young age, 56.7 years old, relatively low BMI, 28.9 kg/m2, insulin secretion approximately half of 
normal(2), and poor metabolic control, with HbA1c around 11.5% (1). The second group, termed severe 
insulin resistance (SIRD), had mean age 65.3, BMI 33.9, greater insulin resistance, insulin secretion 
approximately 50% above normal (2), and better metabolic control, with HbA1c around 7.1% (1).  The 
third group, mild obesity-related diabetes (MOD), had mean age 49.0, BMI 35.7, insulin resistance 
similar to that of SIDD, and HbA1c around 7.4%;the first three groups each accounted for approximately 
20% of the total (1).  The fourth group, termed mild age-related (MARD), accounted for approximately 
40% of the total, was less insulin resistant than the other three, had lower insulin secretion than all but 
those with SIDD, with mean age at onset 67.4, BMI 27.9, and HbA1c 6.7%(1).  The characteristics of the 
four groups are shown in the Table.  Using similar methodology, Zou et al report roughly similar 
prevalences of the respective groups in representative Chinese and US populations (3), and Dennis et al 
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(4) recently reported similar prevalences in participants in the A Diabetes Outcome Progression Trial 
(ADOPT) and the Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycaemia in Diabetes 
(RECORD) trial.   
 
Do these four subtypes of type 2 diabetes offer sufficientinformation to warrant their adoption?Dennis 
et al assessed response to glucose-lowering treatments and concluded that more insulin-resistant 
persons had better response to thiazolidinediones, while those with greater degrees of insulin deficiency 
responded better to sulfonylureas (4). In the same study, the subtype assignment was less indicative of 
risk of worsening renal function than was the baseline level of renal function, and younger age at 
diagnosis explained glycemic worsening to a similar degree as subtype grouping (4).  Rather than the 
subtypes representing separate forms of type 2 diabetes, they may represent different stages and 
modes of progression in the natural history of the disease.  The wide confidence limits shown in the 
Table further suggest the difficulty the clinician might encounter in endeavoring to apply the criteria in 
an individual patient.  These studies do, however, allow us to put in perspective the tremendous 
variability in clinical presentations of type 2 diabetes.  It is intriguing to think that lipid-based 
measurements may allow easier clinical ascertainment of insulin resistance (5,6).  Similarly to the analysis 
of Dennis et al showing that use of thiazolidinediones might be particularly appropriate for patients with 
HOMA2-based insulin resistance in ADOPT and in RECORD (4), Zonszein and coworkers used the 
triglyceride-HDL ratio as an indication of insulin resistance, and found it to predict glycemic benefit of 
insulin sensitizer treatment with rosiglitazone and metformin in the Bypass Angioplasty 
Revascularization Investigation 2 Diabetes (BARI 2D)trial (7).   
 
Will clinical markers of insulin secretion and insulin action, or of age, or of obesity, or of renal function, 
or of cardiac function, allow selection of diabetic persons who would show particular response to the 
glucagon‐like peptide‐1 receptor agonists(GLP-1RA) and sodium‐glucose cotransporter 2 inhibitors 
(SGLT2i)?Would markers of risk prior to development of renal or cardiovascular complications 
enablerecognition of patients for whom cardiovascular and renal benefit will occur with use of the GLP-
1RA andSGLT2i?  Such tools wouldbe of great importance in developing rational approaches to 
appropriate selection of these agents in clinical practice. Ultimately, prospective trials and/or extensive 
epidemiologic analysis of well-characterized patient datasets will be required to show benefit of an 
expanded view of type 2 diabetes subtypes into clinical practice. 
 
 
 
Table (data from supplement to reference 1) 
 HbA1c (%) BMI, kg/m2 Age at 

diagnosis 
HOMA2-B HOMA2-IR 

SIDD 11.4 (3.9) 28·86 (4·77) 56.74 (11.14) 47.64 (28.93) 3.18 (1.73) 
SIRD 7.1 (3.6) 33·85 (5·24) 65.25 (9.34) 150.47 (47.20) 5.54 (2.74) 
MOD 7.4 (3.6) 35·71 (5·43) 48.96 (9.54) 95.03 (32.45) 3.35 (1.21) 
MARD 6.7 (3.1) 27·94 (3·44) 67.37 (8.55) 86.59 (26.37) 2.55 (0.84) 
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