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ABSTRACT 22 

Background 23 

The C-peptide-to-insulin ratio (C/I) is associated with hepatic insulin clearance and 24 

insulin resistance. We established a novel C-peptide-to-insulin ratio index (CPIRI) and 25 

explored its application in the heterogeneity of non-autoimmune diabetes. 26 

Methods 27 

A total of 865 adults diagnosed with new-onset diabetes mellitus (DM) within 1 28 

year and 54 healthy controls (HC) were recruited. Our CPIRI model was established 29 

with fasting C/I as the independent variable and homeostasis model assessment of 30 

insulin resistance (HOMA-IR) as the dependent variable. Patients with negative-31 

autoantibodies against pancreatic islets were subclassified according to CPIRI, age of 32 

onset, hemoglobin A1c (HbA1c), body mass index (BMI) and homeostatic model 33 

assessment of β-cell function (HOMA-β) via cluster analysis.  34 

Results 35 

Fasting C/I and HOMA-IR in both diabetic and healthy subjects were 36 

hyperbolically correlated, and log(C/I) and log(HOMA-IR) were linearly and 37 

negatively correlated; the correlation coefficient was −0.83 (P = 0.000) and −0.76 (P = 38 

0.000), respectively. Finally, we obtained the equations CPIRI(DM) = 670/(C/I)2.24 + 39 

0.25 and CPIRI(HC) = 670/(C/I)2.24 − 1 (F = 1904.39, P = 0.000). Pancreatic islet 40 

autoantibody-negative patients were further subclassified into three subtypes; subtype 41 

1 (13.8%) had severe insulin resistance, subtype 2 (42.1%) suffered elderly-onset DM 42 
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with slight symptoms, and subtype 3 (44.1%) suffered severe dysfunction of pancreatic 43 

islets. Each subtype exhibited different clinical characteristics and complications.  44 

Conclusions 45 

CPIRI can be used to effectively evaluate insulin resistance. Adult-onset non-46 

autoimmune diabetes can be subclassified into 3 subtypes according to CPIRI along 47 

with other symptom-based characteristics of diabetic progression.  48 

Key Words: insulin resistance, CPIRI, HOMA-IR, diabetes heterogeneity 49 

 50 

BACKGROUND 51 

Diabetes mellitus (DM) is increasingly being recognized as much more 52 

heterogeneous a condition which encompasses heterogeneity in phenotype, islet β cell 53 

function, and insulin resistance [1]. The present classification of DM does not fully 54 

reflect the pathogenesis of this disease, and results in the failure of patients to receive 55 

individualized therapy [2]. Effective classification can help detail the clinical 56 

characteristics of different subtypes of DM, identify a high risk of complications, and 57 

enable individualized treatment regimens. 58 

Several methods, including direct, indirect and surrogate indicators, are employed 59 

to estimate insulin resistance. The vast majority of indicators of insulin resistance assess 60 

the relationship between glucose and insulin. Among them, the homeostatic model 61 

assessment for insulin resistance (HOMA-IR) remains the most widely used in 62 

epidemiological studies. First proposed by Matthews et al. in 1985 with a standard 63 
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value of 1.0, HOMA-IR is based on analyses of feedback regulation between the liver 64 

and pancreatic-islet tissue in homeostasis [3, 4], in turn reflecting the balance between 65 

insulin secretion and hepatic glycogen output. 66 

As C-peptide is co-secreted in equimolar amounts with insulin, and it is negligibly 67 

absorbed by hepatic tissue and is cleared at a relatively constant rate in peripheral 68 

tissues; it possesses a longer half-life than that of insulin [5, 6]. As such, the C-peptide-69 

to-insulin ratio (C/I) reflects hepatic insulin clearance [7] and hepatic insulin clearance 70 

is closely related to insulin resistance in particular [8, 9]. 71 

Here, we incorporated fasting C/I into a novel C-peptide-to-insulin ratio index 72 

(CPIRI) based on HOMA-IR to determine the level of insulin resistance and propose a 73 

new classification system of DM with application of data-driven cluster analysis 74 

containing CPIRI with other key clinicopathological indicators of DM to provide a 75 

foundation for appropriate medical treatment of DM patients.  76 

METHODS 77 

Study population  78 

A total of 865 adult patients diagnosed with new-onset DM in The First Affiliated 79 

Hospital with Nanjing Medical University were recruited to our study. All study 80 

participants were diagnosed with DM according to World Health Organization (WHO) 81 

1999 criteria within 1 year of recruitment. Exclusion criteria were a history of 82 

pancreatic exocrine disease, gestational DM, secondary DM, severe systemic disease, 83 

severe heart failure, critical liver/kidney dysfunction, hematologic disease or mental 84 
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illness. In addition, we enrolled 54 healthy controls (HC). 85 

Measurement of general indicators 86 

General information on patients (including complete medical history) was obtained 87 

using questionnaires developed for this research (Supplementary File 1). 88 

Anthropometric details were collected by experienced researchers. After overnight 89 

fasting, blood samples were collected and metabolic profiles detected via colorimetry 90 

with an automatic biochemical analyzer (AU5800; Beckman, Coulter, Fullerton, CA, 91 

USA). Levels of insulin and C-peptide were detected using an automatic 92 

electrochemical luminescence immunoassay (Roche, Basel, Switzerland). The 93 

concentration of hemoglobin A1c (HbA1c) was measured using a Variant II system (Bio-94 

Rad Laboratories, Hercules, CA, USA). Ultrasound imaging of the cervical, abdominal 95 

and lower-extremity arteries was done using an ultrasound machine (EPIC7 L12-3; 96 

Philips, Amsterdam, the Netherlands). 97 

Dynamic nutrient load test 98 

All HC and DM patients requiring a diagnosis underwent an oral glucose tolerance 99 

test (OGTT) with 75g of glucose. Patients who had already been diagnosed with DM 100 

within the last year underwent a mixed meal tolerance test (MMTT) with a piece of 101 

bread made of 100 g of wheat flour. In short, after an overnight fast, venous blood was 102 

sampled before and after a 75g glucose or 100g bread load was ingested. Blood samples 103 

were collected at 0, 60 and 120 min to determine glucose, insulin and C-peptide 104 

concentretions.  105 
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Diabetes autoantibody assay 106 

A radioligand binding assay, as described previously [10, 11], was utilized to detect 107 

decarboxylase antibody (GADA), zinc transporter 8 autoantibody (ZnT8A) and protein 108 

phosphatase-like IA-2 antibodies (IA2A). In brief, human 35S-labeled recombinant 109 

antigens were produced in an in vitro-coupled transcription and translation system with 110 

T7 (ZnT8A) or SP6 (GADA and IA2A) RNA polymerases and nuclease-treated rabbit 111 

reticulocyte lysate (Promega, Fitchburg, WI, USA). Sera (5 µL) were incubated with 112 

35S-antigens (≥20000 of TCA-precipitable radioactivity). After overnight incubation at 113 

4°C, antibody-bound 35S-antigens were separated from unbound antigens by 114 

precipitation with protein A sepharose (Amersham Biosciences, Amersham, UK). 115 

Immunoprecipitated radioactivity was quantified using a Wallac Microbeta Liquid 116 

Scintillation Counter (Perkin Elmer Life and Analytical Sciences, Boston, MA, USA). 117 

The cutoff for GADA-, ZnT8A- and IA2A-positivity was 0.042, 0.054 and 0.018, 118 

respectively. The sensitivity and specificity of GADA, ZnT8A and IA2A was 60% and 119 

100%, 62%, and 100%, and 70% and 100%, respectively. 120 

Cluster analysis 121 

Target DM patients who were negative for islet autoantibodies, namely adult-onset 122 

non-autoimmune DM, were further assessed via two-step cluster analysis incorporating 123 

CPIRI with body mass index (BMI), age at onset of DM, HbA1c level, and the 124 

homeostatic model assessment for β cell function (HOMA-β) as cluster variables. 125 

Figure 1 shows the workflow of our study. 126 
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Statistical analysis 127 

Statistical analysis was undertaken using SPSS 23.0 (IBM, Armonk, NY, USA). 128 

Quantitative data are expressed as the mean ± SD; categorical variables are expressed 129 

as frequencies or percentages. Mean values between two groups were compared using 130 

Levene’s test of homogeneity of variances. The Student’s t-test was employed in the 131 

condition of homogeneity whereas the t’ test was adopted if the variances were not 132 

homogeneous. If Levene’s test revealed the homogeneity of variance, one-way analysis 133 

was undertaken for the comparison of mean values among multiple groups, followed 134 

by pairwise comparison using the least-significant-difference method. If Levene’s test 135 

revealed the heterogeneity of variance, the Welch test was adopted and the Dunnett T3 136 

test was used for pairwise comparison. The comparison of classification variables 137 

between groups was evaluated using the Pearson χ2 test. General linear regression was 138 

applied to formulate the CPIRI model. P < 0.05 was considered significant. 139 

RESULTS 140 

The average age of newly diagnosed DM patients was 48 years (Table 1). Male 141 

patients accounted for a larger proportion of this population compared with HC (57.8% 142 

vs 50%, P = 0.000). Diabetic patients suffered more serious metabolic disorders in the 143 

setting of increased levels of total cholesterol, triglycerides, low-density lipoprotein, 144 

apolipoprotein A, BMI, waist circumference, and aminotransferase, as well as in the 145 

setting of decreased levels of high-density lipoprotein and albumin. All aforementioned 146 

differences were statistically significant (P < 0.05). 147 
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Both in DM cases and HC, fasting C/I and HOMA-IR were hyperbolically 148 

dependent (Figure 2), whereas log(C/I) was in linear negative correlation with 149 

log(HOMA-IR); the correlation coefficient was −0.83 (P = 0.000) in DM cases and 150 

−0.76 (P = 0.000) in HC, respectively. 151 

On the basis of the linearly negative relationship between log(C/I) and log(HOMA-152 

IR), we aimed to establish an index to assess insulin resistance while considering 153 

log(C/I) as the independent variable, and log(HOMA-IR) as the dependent variable. 154 

After excluding patients with incomplete data and those found to have extreme (1%) 155 

outlying data, we constructed a univariable, general linear model in SPSS and obtained 156 

the following equation after analysis of 740 DM patients: log(CPIRI) = 6.51 − 2.24 × 157 

log(C/I) (F = 1904.39, P = 0.000). After logarithm conversion, the original CPIRI = 158 

671.8/(C/I)2.24 model was obtained. However, when the original values for CPIRI and 159 

HOMA-IR in DM patients were paired for analyses using the Student’s t-test, the 160 

difference in values among the two indices was 0.239 and significant (t = 4.17, P = 161 

0.000). Therefore, correction of the constant and coefficient simplification in the 162 

original equation yielded a corrected equation: CPIRI(DM) = 670/(C/I)2.24 + 0.25. 163 

Results for the paired Student’s t-test for CPIRI and HOMA-IR revealed no significant 164 

difference (t = 0.20, P = 0.84). Furthermore, these two indicators exhibited good 165 

correlation among data analyses of DM patients (Pearson correlation coefficient = 0.77, 166 

P = 0.000). 167 

HC data was also analyzed by the CPIRI(DM) model to verify application of this 168 
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formula in a normal glucose tolerance population. However, the paired t-test revealed 169 

a significant difference between values of CPIRI(DM) and HOMA-IR in HC (t = 170 

−11.23, P = 0.000). Thus, CPIRI(DM) was not be suitable for application in healthy 171 

population. Consequently, the model applicable for a healthy population was 172 

constructed as CPIRI(HC)= 670/(C/I)2.24 − 1. The paired t-test revealed no significant 173 

difference between values of CPIRI(HC) and HOMA-IR in HC (t = −1.22, P = 0.229), 174 

and a strong relationship was demonstrated among the two models (Pearson correlation 175 

coefficient = 0.80, P = 0.000). 176 

Finally, values of CPIRI and HOMA-IR were compared in HC and DM cases, 177 

respectively. Both indices were significantly higher in DM patients as compared with 178 

HC (2.50±1.80 vs. 1.50±1.44; 2.50±2.40 vs. 1.42±0.88, P < 0.05; Figure 3). In general, 179 

the novel CPIRI model could be used to distinguish the severity of insulin resistance 180 

among HC and DM patients with accuracy identical to that observed with HOMA-IR. 181 

In an identical population, no significant difference among the two indicators was noted 182 

whereas the correlation between them was high. A CPIRI model for evaluating DM 183 

cases and HC was established. 184 

We further verified whether CPIRI could distinguish different degrees of insulin 185 

resistance. DM cases were subgrouped according to BMI cutoff points of 24 kg/m2 and 186 

28 kg/m2, respectively. We found that CPIRI and HOMA-IR values increased 187 

synchronously with elevated BMI, (P < 0.05; Supplementary Figure 1A). Furthermore, 188 

CPIRI and HOMA-IR values were higher in DM patients with a history of non-189 
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alcoholic fatty liver disease (NAFLD) than in those without NAFLD (P < 0.05, 190 

Supplementary Figure 1B). 191 

A total of 714 DM patients underwent detection of pancreatic-islet autoantibodies 192 

ultimately; 105 (14.7%) of those DM patients were found to be positive for at least one 193 

type of autoantibody and, as such, suffering adult-onset autoimmune DM. The rate of 194 

positivity for GADA, ZnT8A and IA2A was 10.1%, 3.6% and 5.9%, respectively. The 195 

rest 609 DM patients were islet-autoantibody-negative. To classify non-autoimmune 196 

diabetic patients into novel subtypes, we evaluated them utilizing CPIRI along with 197 

variables including HOMA-β, age, HbA1c level and BMI. After eliminating the missing 198 

data, a two-step clustering methodology was applied to evaluate patients negative for 199 

autoantibodies. Ultimately, we noted 3 novel subtypes of adult-onset non-autoimmune 200 

DM (Figure 4A-F): subtype 1 (apparent in 79 patients (13.81%)) was characterized by 201 

severe insulin resistance; subtype 2 (apparent in 241 patients (42.13%)) was defined as 202 

elderly-onset DM with mild symptoms; subtype 3 (apparent in 252 patients (44.06%)) 203 

was defined as severe insulin-deficient DM.  204 

We further compared metabolic indices, lifestyles, and associated complications 205 

among the 3 aforementioned groups (Table 2). Subtype 1 patients had higher levels of 206 

aminotransferase, uric acid, free triiodothyronine, as well as diastolic blood pressure, 207 

as compared with those in patients in the other two subtypes (P < 0.05). Subtype 2 208 

patients had lower levels of lymphocytes, erythrocytes, hemoglobin, platelets, and 209 

glomerular filtration rate, and higher serum levels of urea nitrogen, when compared 210 
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with those of patients of other subtypes (P < 0.05). Apart from the changes noted in 211 

hemocytes, subtype 2 patients had an increased prevalence of peripheral vascular 212 

plaques. Subtype 3 patients encompassed a larger proportion of males, and a higher 213 

prevalence of ketosis-onset DM compared with those in patients of subtypes 1 and 2; 214 

all differences were significant (P < 0.05). 215 

However, it is notable that non-autoimmune adult-onset diabetic patients can only 216 

be divided into 2 subtypes via two-step cluster analysis when HOMA-IR was employed 217 

instead of CPIRI in the cluster analysis (Supplementary Table 1), indicating CPIRI was 218 

superior to HOMA-IR in distinguishing the heterogeneity of non-autoimmune diabetes. 219 

DISCUSSION 220 

Insulin inhibits hepatic glucose production (HGP) via acute changes in metabolic 221 

pathways and long-term gene expression. Physiological studies have demonstrated that 222 

insulin inhibits HGP via inhibition of glycogen decomposition, suggesting that the 223 

direct effects of insulin on the liver are critical for appropriate regulation of HGP and 224 

intrahepatic glucose homeostasis. Insulin resistance develops in stages [12], in younger 225 

Zucker rats, decreased insulin sensitivity occurs first in skeletal muscle and later in fatty 226 

and hepatic tissues. The physiological mechanism of tissue-specific insulin resistance 227 

involves insufficient insulin action on target tissues. Although the liver serves a gate-228 

keeping role in regulating the systemic insulin response to a glucose challenge, the 229 

importance of the role of insulin clearance and hepatic versus peripheral insulin 230 

resistance have received less attention[13]. 231 
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 Most models of insulin resistance focused on insulin and plasma glucose levels. 232 

Several studies have reported differences in metabolic kinetics among insulin and C-233 

peptide: (i) insulin and C-peptide are secreted in equimolar quantities into the portal 234 

vein; (ii) the clearance of C-peptide from the circulation is slower than that of insulin; 235 

(iii) a large portion of insulin is cleared by hepatic metabolism, whereas the remainder 236 

enters the periphery and possesses a half-life of only 2–3 min. The liver is, therefore, 237 

the primary organ responsible for insulin clearance, whereas C-peptide is cleared 238 

mainly through the kidney. The half-life of C-peptide is about 30 min [5, 6, 14]. By 239 

virtue of the physiological relationship between C-peptide and insulin metabolism, the 240 

peripheral molar C/I ratio will reflect the changes in hepatic metabolic clearance rates 241 

of insulin, and it performs best in steady-state conditions in the consideration of the 242 

differences in the half-lives of C-peptide and insulin when their secretory responses to 243 

a stimulus [7, 15].  244 

The relationship between impaired insulin clearance and type 2 diabetes was 245 

initially reported in 1949 [16]. Since then, several researches have identified defective 246 

insulin clearance as a critical hallmark in the pathogenesis of hyperinsulinemia [17]. 247 

The level of target-cell insulin resistance has been found to correlate with insulin 248 

clearance regardless of whether the concentration of insulin receptors is decreased or 249 

not [18]. That impaired insulin clearance causes secondary insulin resistance is 250 

supported by researches on genetically modified mouse models targeting the Ceacam1 251 

gene globally or in a liver-specific manner [19]. Generally speaking, hepatic insulin 252 
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clearance could precede and therefore contribute to the hyperinsulinemia of obesity, 253 

suggesting a mutual interaction between insulin resistance and insulin clearance of the 254 

liver [20]. Notably, the variation of hepatic glucoregulation and insulin clearance 255 

occurred independently of changes in peripheral insulin resistance as measured by the 256 

hyperinsulinemic-euglycemic clamp [21]. Essentially, HOMA-IR reflects the dynamic 257 

balance between insulin secretion and hepatic glycogen output, which is closely related 258 

to hepatic insulin resistance. Taking this phenomenon into consideration, we believed 259 

that CPIRI may throw new light on the evaluating of insulin resistance with C/I as its 260 

independent variable and HOMA-IR as the dependent variable. 261 

Detection of C-peptide involves use of two monoclonal antibodies which recognize 262 

human C-peptide specifically and exhibit cross-reactivity with the C-chain or the 263 

cleavage product of proinsulin. The concentration of proinsulin and the cleavage 264 

product is 100-fold lower than that of C-peptide. Consequently, cross-reactivity does 265 

not significantly influence C-peptide detection [5, 22]. Studies have reported that lispro, 266 

aspart or glargine synthetic insulin in the absence of insulin and in the setting of insulin 267 

concentrations of 30, 100, 300 and 1000 mIU/L yielded results inferior to the lower 268 

limit at all concentrations (<0.20 μU/mL or <1.39 pmol/L) [23]. Patients who received 269 

intensive insulin therapy were treated with lispro or aspart through continuous 270 

subcutaneous insulin infusion, and the insulin pump was closed before the tolerance 271 

test. Thus, the CPIRI model was scarcely affected by use of exogenous insulin in our 272 

study. 273 



 

14 

 

Importantly, CPIRI findings may be higher than actual levels when applied to 274 

patients with insulin autoantibody-positivity or those undergoing therapy using 275 

exogenous insulin derived from animals or humans. This, in turn, may account for the 276 

fact that the constant of CPIRI(DM) was higher than that of CPIRI(HC).  277 

Evidence suggests that target tissues possess a type of “metabolic memory” [24], 278 

indicating that appropriate, early therapy is crucial for prevention of chronic 279 

complications. Reports of heterogeneous clustering analysis among various ethnic 280 

groups in terms of DM are limited. After comparison of cluster results among European 281 

and Chinese populations [2], we were surprised to find that the consensus on 282 

subgrouping adult-onset non-autoimmune diagnosed DM resulted in classification into 283 

three subtypes: severe insulin-resistant, severe β cell-dysfunctional and age-related DM. 284 

Another obesity-related subtype was demonstrated in the European DM population in 285 

which BMI ranges were not positively correlated with insulin resistance. In Chinese 286 

patients, however, BMI ranges were positively correlated with insulin resistance. 287 

Whether this difference is due to racial variation, the number of patients studied, or the 288 

diversity of cluster variables requires further investment. 289 

An increased circulating level of gamma-glutamyl transpeptidase is an important 290 

risk factor for the development of T2DM, and increased transaminase levels are closely 291 

related to insulin resistance [25]. Patients of subtype 1 had higher aminotransferase 292 

levels as compared with those of other subtypes, indicating that hepatocyte injury in 293 

subtype-1 patients was more serious than that in other groups. Subtype-1 patients also 294 
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had the highest triglyceride:high-density lipoprotein ratio (TG/HDL) and uric-acid 295 

level. The TG/HDL ratio was first proposed by McLaughlin and colleagues to evaluate 296 

insulin resistance [26]. Hyperuricemia interferes with glucose homeostasis and insulin 297 

sensitivity by activating the inflammatory response, which results in oxidative stress, 298 

endothelial dysfunction and inhibition of insulin pathways, resulting in the chronic 299 

complications of DM. Patients of subtype 2 exhibited a higher prevalence of peripheral 300 

vascular plaques, increased blood urea nitrogen levels and decreased glomerular 301 

filtration rate. Arambewela et al. reported that age is an important risk factor for macro- 302 

and microvascular complications [27]. Therefore, the necessity to screen potential 303 

vascular complications should be reinforced especially in elderly-onset DM patients, 304 

even if their plasma glucose level is well controlled, suggesting that glucose-lowering 305 

therapy is not the optimum method for preventing this complication.  306 

Our novel clustering of patients suffering adult-onset DM is superior to the 307 

traditional classification of DM because it provides information about underlying 308 

disease mechanisms and defines patients at high risk of DM complications even at the 309 

diagnosis, thereby guiding more appropriate therapy. It is worth mentioning that CPIRI 310 

was superior to HOMA-IR in distinguishing the heterogeneity of adult-onset non-311 

autoimmune diabetes. 312 

Conclusions 313 

Our analysis suggests that CPIRI can evaluate insulin resistance effectively and 314 

provide a better discrimination of heterogeneity of diabetes than HOMA-IR. Likewise, 315 
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the combined information from a few variables central to DM development precedes 316 

the assessment of glucose as the sole variable. Our study provides a significant step 317 

towards application of “precision” medicine in DM treatment. 318 
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Figure 1. The workflow of our research design. Abbreviations: GADA, decarboxylase 442 

antibody; ZnT8A, zinc transporter 8 autoantibody; IA2A, protein phosphatase-like IA-443 

2; CPIRI, C-peptide to insulin ratio index; HOMA-β, homeostasis model assessment of 444 

beta cell; BMI, body mass index; HbA1c, hemoglobin A1C. 445 

 446 

Figure 2. The relationship between C/I and HOMA-IR in diabetic patients and healthy 447 

controls. C/I and HOMA-IR are hyperbolically related in diabetics (A) and healthy 448 

controls (B). Log(C/I) and log(HOMA-IR) are negatively linearly correlated in diabetic 449 

patients (C) and healthy controls (D). Abbreviations: C/I, the ratio of C-peptide to 450 

insulin; HOMA-IR, homeostasis model assessment of insulin resistance. 451 

 452 

Figure 3. Insulin resistance among DM and HC. Both CPIRI and HOMA-IR are higher 453 

in DM than HC (P<0.05). Abbreviations: DM, diabetes mellitus; HC, healthy controls; 454 

HOMA-IR, homeostasis model assessment of insulin resistance; CPIRI, C-peptide to 455 

insulin ratio index. 456 

 457 

Figure 4. Heterogeneity of adult-onset non-autoimmune diabetes. Adult-onset non-458 

autoimmune diabetes can be divided into three distinct subtypes according to results of 459 

cluster analysis: subtype 1 (n = 79, 13.81%), subtype 2 (n = 241, 42.13%), and subtype 460 

3 (n = 252, 44.06%) (A). Distribution of age (B), HbA1c (C), BMI (D), CPIRI (E) and 461 

HOMA-β (F) for subtype1-3 reveals that subtype 1 is characterized by severe insulin 462 

resistance; subtype 2 is defined as elderly-onset DM with mild symptoms, and subtype 463 

3 demonstrates severe insulin-deficient DM. Abbreviations: HbA1c, hemoglobin A1C; 464 

BMI, body mass index; CPIRI, C-peptide to insulin ratio index; HOMA-β, homeostasis 465 

model assessment of beta cell. 466 
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Figure 1

The work�ow of our research design. Abbreviations: GADA, decarboxylase antibody; ZnT8A, zinc
transporter 8 autoantibody; IA2A, protein phosphatase-like IA- 2; CPIRI, C-peptide to insulin ratio index;
HOMA-β, homeostasis model assessment of beta cell; BMI, body mass index; HbA1c, hemoglobin A1C.



Figure 2

The relationship between C/I and HOMA-IR in diabetic patients and healthy controls. C/I and HOMA-IR are
hyperbolically related in diabetics (A) and healthy controls (B). Log(C/I) and log(HOMA-IR) are negatively
linearly correlated in diabetic patients (C) and healthy controls (D). Abbreviations: C/I, the ratio of C-
peptide to insulin; HOMA-IR, homeostasis model assessment of insulin resistance.



Figure 3

Insulin resistance among DM and HC. Both CPIRI and HOMA-IR are higher in DM than HC (P<0.05).
Abbreviations: DM, diabetes mellitus; HC, healthy controls; HOMA-IR, homeostasis model assessment of
insulin resistance; CPIRI, C-peptide to insulin ratio index.



Figure 4

Heterogeneity of adult-onset non-autoimmune diabetes. Adult-onset non- autoimmune diabetes can be
divided into three distinct subtypes according to results of cluster analysis: subtype 1 (n = 79, 13.81%),
subtype 2 (n = 241, 42.13%), and subtype 3 (n = 252, 44.06%) (A). Distribution of age (B), HbA1c (C), BMI
(D), CPIRI (E) and HOMA-β (F) for subtype1-3 reveals that subtype 1 is characterized by severe insulin
resistance; subtype 2 is de�ned as elderly-onset DM with mild symptoms, and subtype 3 demonstrates
severe insulin-de�cient DM. Abbreviations: HbA1c, hemoglobin A1C; BMI, body mass index; CPIRI, C-
peptide to insulin ratio index; HOMA-β, homeostasis model assessment of beta cell.
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