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Abstract 53 

Objective: 54 

Type A insulin resistance syndrome (IRS), characterized by impaired insulin receptor 55 

function due to variants of the insulin receptor gene, manifests as severe insulin-56 

resistant diabetes. Differentiation of type A IRS from type 2 diabetes on the basis of 57 

hyperinsulinemia can be challenging. Given the association between insulin receptor 58 

dysfunction and reduced insulin clearance, we evaluated the potential of the circulating 59 

C-peptide reactivity (CPR)/immunoreactive insulin (IRI) molar ratio, a marker of 60 

insulin clearance, for distinguishing type A IRS from type 2 diabetes. 61 

Methods: 62 

We retrospectively analyzed CPR and IRI levels measured during a 75-g oral glucose 63 

tolerance test (OGTT) in 18 individuals with type A IRS and 126 with type 2 diabetes. 64 

Receiver operating characteristic (ROC) curve analysis was performed to determine the 65 

diagnostic performance of the CPR/IRI molar ratio and IRI levels. 66 

Results: 67 

IRI levels were significantly higher and the CPR/IRI molar ratio significantly lower in 68 

individuals with type A IRS compared with those with type 2 diabetes. The area under 69 

the ROC curve for the CPR/IRI molar ratio at baseline, 1 hour, and 2 hours after OGTT 70 
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initiation was 0.997 (sensitivity 100%, specificity 99.2%), 0.999 (sensitivity 100%, 71 

specificity 97.6%), and 0.997 (sensitivity 100%, specificity 95.1%), respectively. The 72 

CPR/IRI molar ratio demonstrated robust diagnostic performance regardless of body 73 

mass index or hyperinsulinemia severity. 74 

Conclusions: 75 

The CPR/IRI molar ratio, both at baseline and during OGTT, exhibited higher 76 

sensitivity and specificity than IRI levels alone for distinguishing type A IRS from type 77 

2 diabetes. This ratio may serve as a reliable clinical marker for early and accurate 78 

diagnosis of type A IRS.  79 
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Introduction 80 

Insulin resistance syndrome (IRS), characterized by marked impairment of insulin 81 

action as a result of insulin receptor dysfunction, manifests as severe insulin resistance 82 

and treatment-refractory diabetes mellitus.(1, 2) This syndrome has been classically 83 

categorized as type A or type B, with the former being due to variants of the insulin 84 

receptor gene (INSR) and the latter to autoantibodies specific for the insulin receptor. (1, 85 

2) Given that variants of genes related to insulin receptor signaling also give rise to 86 

phenotypes similar to type A IRS,(3, 4) a category of genetic IRS, which includes 87 

syndromes caused by variants of INSR or other such genes, has been recently 88 

proposed.(4) 89 

Type A IRS has been thought to be a rare condition.(5) A recent nationwide 90 

survey in Japan estimated that at least 0.05% of the population (~0.7% of individuals 91 

with diabetes) harbor heterozygous INSR variants that can trigger type A IRS,(6) 92 

suggesting that, whereas the syndrome is indeed not common, there may be a 93 

considerable number of undiagnosed cases. Marked hyperinsulinemia, along with 94 

clinical manifestations such as acanthosis nigricans and polycystic ovary syndrome, is a 95 

common clue to the diagnosis of type A IRS.(4-6) However, such findings are not 96 

specific to type A IRS, being instead related to severe insulin resistance. Moreover, 97 



 7 

some individuals with pathogenic heterozygous INSR variants do not manifest 98 

hyperinsulinemia.(7-9) Although the reasons for this absence of hyperinsulinemia 99 

remain unclear, they may include exhaustion of pancreatic beta cells as a result of long-100 

term severe insulin resistance (10) as well as dysfunction of beta cells triggered directly 101 

by impaired insulin receptor signaling.(11) 102 

Given that insulin clearance depends on receptor-mediated internalization, 103 

dysfunction of the insulin receptor can lead to reduced insulin clearance (12) and 104 

thereby contribute to hyperinsulinemia in type A IRS.(12, 13) Evidence suggests that 105 

the molar ratio of circulating C-peptide reactivity (CPR) to immunoreactive insulin 106 

(IRI) reflects insulin clearance, particularly by the liver.(14, 15) Consistent with this 107 

notion, previous studies have found that individuals with type A IRS manifest low 108 

values of the CPR/IRI molar ratio in the fasting state (16–18) or during an OGTT. (8, 109 

17, 18) However, these previous studies evaluated only single cases of type A IRS, with 110 

no study having quantitatively assessed the utility of this parameter with a substantial 111 

number of individuals. It has therefore remained unclear whether the CPR/IRI molar 112 

ratio is able to distinguish between individuals with type A IRS and those with insulin-113 

resistant type 2 diabetes. 114 

To evaluate the potential of the CPR/IRI molar ratio to distinguish type A IRS 115 
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from type 2 diabetes, we retrospectively examined blood levels of CPR and IRI during 116 

an OGTT in 18 individuals with the former condition and 126 individuals with the 117 

latter. Our findings provide evidence that the CPR/IRI molar ratio is a better predictor of 118 

type A IRS than is IRI alone. 119 

 120 

Methods 121 

Study ethics 122 

This retrospective cohort study was conducted in accordance with the Declaration of 123 

Helsinki and its amendments and was approved by the Ethics Committee of Kobe 124 

University Hospital (approval no. B220103). Given that the study used existing data, the 125 

committee did not require written informed consent from individual participants, in 126 

accordance with the Ethical Guidelines for Medical and Biological Research Involving 127 

Human Subjects in Japan. Information about the study was made publicly available, 128 

giving participants the opportunity to opt out if they wished.  129 

 130 

Study participants 131 

Individuals with type A IRS diagnosed at Kobe University Hospital between 1997 and 132 

2021, with the presence of pathogenic variants of INSR being confirmed by genetic 133 
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testing, were included in the study. Data were also collected for individuals with type A 134 

IRS in previously published studies. A literature search of PubMed was conducted with 135 

the key terms “type A insulin resistance,” “insulin resistance type A,” and the 136 

combination of “insulin receptor gene” or “INSR” with “mutation.” From the identified 137 

studies, those reporting individuals with type A IRS who underwent a 75-g OGTT with 138 

simultaneous measurement of CPR and IRI were selected.  139 

Individuals diagnosed with type 2 diabetes according to the criteria of the Japan 140 

Diabetes Society (19) were included in the study if they met the following additional 141 

criteria: (1) they were admitted to the Department of Diabetes and Endocrinology at 142 

Kobe University Hospital between 1 February 2011 and 31 January 2021, (2) they were 143 

aged 18 years or older, and (3) they underwent a 75-g OGTT with simultaneous 144 

measurement of CPR and IRI. Individuals were excluded if (1) hemolysis was apparent 145 

in their blood samples, (2) they used basal insulin, (3) they had endocrine disorders 146 

other than diabetes, or (4) their eGFR was <30 mL min–1 1.73 m–2. If individuals 147 

underwent a 75-g OGTT on multiple occasions, only the data for the first test were 148 

collected.  149 

 150 

Data collection and analysis 151 
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The collected data included individual demographics (age, sex, height, and weight); 152 

blood glucose, CPR, and IRI levels during the 75-g OGTT; laboratory data obtained 153 

closest to the date of the 75-g OGTT, including HbA1c and eGFR values; and the 154 

absence or presence of insulin therapy or endocrine disorders. We evaluated the AUC of 155 

the receiver operating characteristic (ROC) curve for the CPR/IRI molar ratio and IRI 156 

levels both before and 1 and 2 h after initiation of the OGTT, which achieved optimal 157 

discrimination between type A IRS and type 2 diabetes. The CPR/IRI molar ratio was 158 

calculated according to the AMA Manual of Style (11th edition) with the following SI 159 

conversions: insulin, 1 μIU/mL = 6.945 pmol/L; and C-peptide, 1 ng/mL = 0.331 160 

nmol/L = 331 pmol/L. 161 

 162 

Statistical analysis 163 

The primary objective of this study was to evaluate the diagnostic performance of the 164 

CPR/IRI molar ratio in distinguishing type A insulin resistance syndrome (IRS) from 165 

type 2 diabetes using receiver operating characteristic (ROC) curve analysis. The area 166 

under the ROC curve (AUC) for CPR/IRI molar ratios and IRI levels was assessed at 167 

fasting, 1-hour, and 2-hour time points during the OGTT to determine their 168 

discriminatory ability. Comparisons of variables between type A IRS and type 2 169 
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diabetes groups were conducted according to descriptive statistics and the Mann-170 

Whitney U test or chi-square test. Pearson’s correlation coefficient was adopted to 171 

evaluate the relations among BMI, the fasting CPR/IRI molar ratio, and the fasting IRI 172 

concentration in both groups.  173 

Post-hoc analyses were conducted to further investigate the diagnostic utility of 174 

CPR/IRI molar ratios for differentiating type A IRS from type 2 diabetes. These 175 

analyses included comparisons between institutional and literature-based type A IRS 176 

cases, evaluation of CPR/IRI molar ratios across functional classifications of insulin 177 

receptor variations, and comparisons of CPR/IRI molar ratios versus IRI alone using 178 

ROC curve analyses. Additional ROC curve analyses were performed for variables with 179 

significant differences between the two groups (age, BMI, HbA1c, and HOMA-R) to 180 

assess their diagnostic accuracy. The ROC curves were statistically compared using 181 

DeLong’s test for the AUC, and McNemar’s test was performed to evaluate differences 182 

in specificity. P value of <0.05 was considered statistically significant. All statistical 183 

analyses were primarily performed using JMP software (SAS Institute, Cary, NC, USA). 184 

ROC curve analysis, including comparisons of AUCs, was conducted using EZR 185 

(Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user 186 

interface for R (The R Foundation for Statistical Computing, Vienna, Austria) (20). 187 
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 188 

Results 189 

Study Population 190 

During the specified period, there were seven cases of type A IRS diagnosed at Kobe 191 

University Hospital (Fig. 1a). The literature search identified 349 articles, from which 6 192 

studies reporting a total of 11 individuals with type A IRS who underwent a 75-g OGTT 193 

with simultaneous measurement of CPR and IRI were identified.(7–9, 17, 18, 21) The 194 

type A IRS group thus comprised 18 individuals (Fig. 1a). Clinical characteristics of the 195 

18 individuals with type A IRS are summarized in Table 1, while genetic variants and 196 

their functional effects are detailed in Table S1 (22). Some of the cases diagnosed at our 197 

institution (Case 3 and Case 4 with her sister, Case 5) have been previously reported in 198 

the literature (23, 24). 199 

 A 75-g OGTT loading agent was prescribed 1457 times to individuals admitted 200 

to the Department of Diabetes and Endocrinology at Kobe University Hospital between 201 

1 February 2011 and 31 January 2021 (Fig. 1b), with 342 of these prescriptions being 202 

repeats for individuals on more than one occasion. After exclusion of these duplicates, 203 

718 individuals did not have a diagnosis of type 2 diabetes, 43 individuals did not 204 

undergo an OGTT, 56 individuals had hemolyzed samples, 154 individuals used basal 205 
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insulin, 16 individuals had endocrine disorders other than diabetes, and 2 individuals 206 

had an eGFR of <30 mL min–1 1.73 m–2 and were therefore excluded, leaving a total of 207 

126 individuals with type 2 diabetes to be included in the study (Fig. 1b).  208 

 209 

Clinical Characteristics 210 

The clinical characteristics and biochemical parameters of the study participants are 211 

summarized in Table 2. Age, BMI, and HbA1c level were significantly greater in the 212 

type 2 diabetes group than in the type A IRS group. IRI levels were significantly greater 213 

and the CPR/IRI molar ratio (normal level of fasting is 4.0<) (8) was significantly 214 

smaller in the type A IRS group than in the type 2 diabetes group both before and 1 and 215 

2 h after initiation of the OGTT. HOMA-IR was significantly greater in the type A IRS 216 

group. 217 

To address the potential variability within the Type A IRS group, post-hoc 218 

analyses were conducted. Comparisons between institutional cases (n = 7) and literature 219 

cases (n = 11) revealed no significant differences in age, BMI, HbA1c, and OGTT-220 

derived CPR/IRI molar ratios across fasting, 1-hour, or 2-hour measurements (Table S2) 221 

(22). Furthermore, no significant differences were observed in CPR/IRI molar ratios 222 

when individuals were classified based on the functional effects of INSR variants (25) 223 
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(Decreased receptor expression [n = 5] vs. Impaired tyrosine kinase activity[n = 12]) 224 

(Table S3) (22). 225 

 226 

Diagnostic Performance 227 

The CPR/IRI molar ratio demonstrated exceptional diagnostic performance in 228 

differentiating type A IRS from T2DM at all time points during the OGTT. The ROC 229 

curve analysis revealed that the AUC for the CPR/IRI molar ratio was 0.997 at fasting 230 

(cutoff: 5.96; sensitivity: 100%; specificity: 99.2%) (Fig. 2a), 0.999 at 1 hour (cutoff: 231 

3.30; sensitivity: 100%; specificity: 97.6%) (Fig. 2b), and 0.997 at 2 hours (cutoff: 3.55; 232 

sensitivity: 100%; specificity: 95.1%) (Fig. 2c). At all time points, the CPR/IRI molar 233 

ratio demonstrated significantly higher diagnostic performance compared to IRI levels 234 

alone. Furthermore, the CPR/IRI molar ratio achieved 100% sensitivity across all time 235 

points, with specificity also being significantly higher than that of IRI alone during 236 

fasting, 1 hour, and 2 hours of the OGTT.  237 

 In addition, post-hoc ROC curve analyses were conducted for variables that 238 

showed significant differences between the two groups, including age, BMI, HbA1c, 239 

and HOMA-R. The AUC values for these parameters were all lower than those for the 240 

CPR/IRI molar ratio or IRI alone. These results are summarized in Table S4 (22). 241 
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 242 

BMI and CPR/IRI Molar Ratio Relationship 243 

A scatter plot of BMI and the fasting CPR/IRI molar ratio revealed clear separation 244 

between individuals with type A IRS and those with type 2 diabetes regardless of BMI 245 

(Fig. 3a), suggestive of the diagnostic utility of this ratio. In contrast, the separation of 246 

the two conditions was less distinct in a scatter plot of BMI and fasting IRI levels, with 247 

some overlap apparent for type 2 diabetic individuals with a lower BMI (Fig. 3b). The 248 

fasting CPR/IRI molar ratio (correlation coefficient, –0.288; p = 0.001) and fasting IRI 249 

concentration (correlation coefficient, 0.612; p < 0.001) were significantly correlated 250 

with BMI in the type 2 diabetes group, whereas neither parameter was correlated with 251 

BMI in the type A IRS group (correlation coefficient of –0.029, p = 0.91; and 252 

correlation coefficient of 0.059, p = 0.82, respectively). A scatter plot of fasting IRI 253 

levels and the fasting CPR/IRI molar ratio also showed separation of the two conditions, 254 

albeit with some overlap for type 2 diabetic individuals with high IRI levels (Fig. 3c). 255 

 256 

Discussion 257 

We have here shown that the CPR/IRI molar ratio obtained during an OGTT is able to 258 

distinguish type A IRS from type 2 diabetes. Moreover, the CPR/IRI molar ratio is not 259 
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influenced by BMI, clearly separating the two conditions regardless of BMI. We 260 

demonstrated that the CPR/IRI molar ratio has significantly superior diagnostic 261 

performance compared to IRI alone at all OGTT time points. The current proposed 262 

diagnostic process for type A IRS is based on screening according to the fasting IRI 263 

level and, after ruling out other specific causes of insulin resistance such as obesity, 264 

confirmatory genetic testing.(2, 4) Genetic testing is costly and time-consuming, 265 

however, emphasizing the need for other means of efficient and accurate screening. 266 

Furthermore, some individuals with type A IRS are overweight or obese and are 267 

therefore excluded by the proposed criteria.(2, 4) The CPR/IRI molar ratio may 268 

therefore serve as a better screening tool for type A IRS regardless of BMI. 269 

Another advantage of the CPR/IRI molar ratio is that it distinguishes type A 270 

IRS from type 2 diabetes regardless of the extent of hyperinsulinemia. Whereas marked 271 

hyperinsulinemia is a common trigger for suspicion of type A IRS, some cases show 272 

relatively low IRI levels.(7–9) Moreover, type A IRS can present with a wide range of 273 

phenotypes, from mild glucose intolerance to severe treatment-resistant diabetes.(3, 6) 274 

The individuals with type A IRS in the present study included individuals with mildly 275 

impaired or normal glucose tolerance, indicating that the CPR/IRI molar ratio remains a 276 

robust screening tool for the syndrome across various levels of hyperinsulinemia and 277 
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glucose intolerance. 278 

Regarding the treatment of Type A IRS, the effectiveness of metformin has 279 

been reported (26,27). Recently, clinical trials have demonstrated the efficacy and safety 280 

of SGLT-2 inhibitors in treating insulin-resistant diabetes, including Type A IRS (28,29). 281 

These drugs, which lower blood glucose levels independently of insulin signaling, are 282 

considered effective for Type A IRS (28). As more effective treatment options become 283 

available for managing diabetes in Type A IRS, early detection and accurate diagnosis 284 

become increasingly crucial. 285 

The ROC curve analysis revealed that the CPR/IRI molar ratio at baseline as 286 

well as 1 and 2 h after initiation of the OGTT had a sensitivity of 100% for 287 

differentiation of type A IRS from type 2 diabetes, although the specificity was <100%. 288 

The lower specificity was attributable to one individual with type 2 diabetes who 289 

showed a low CPR/IRI molar ratio. This individual had a BMI of 44.4 kg/m2 and a 290 

fasting IRI concentration of 70 μIU/mL. It is thus possible that severe obesity may 291 

lower the CPR/IRI molar ratio independently of INSR variants.  292 

This study has several limitations. First, the type 2 diabetes group did not 293 

undergo genetic testing, and we cannot exclude the possibility that individuals with 294 

pathogenic INSR variants were included. Second, the study was conducted at a single 295 
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center and utilized a retrospective design, which could limit the generalizability of the 296 

findings. Third, the type A IRS and type 2 diabetes groups differed significantly in age, 297 

BMI, and HbA1c levels, which could influence insulin clearance and potentially affect 298 

the study results. However, our findings suggest that the CPR/IRI molar ratio provides 299 

superior diagnostic performance regardless of these differences. Fourth, the T2DM 300 

group consisted exclusively of Japanese individuals, reflecting the typical BMI and 301 

demographic characteristics of this population. For example, the median BMI of the 302 

T2DM group (25.9 kg/m²) aligns with values commonly observed in Japanese 303 

individuals with type 2 diabetes (30) but is lower than those reported in Western 304 

populations. Further studies involving diverse ethnic groups are warranted to validate 305 

these findings. Fifth, this study did not include healthy control individuals. Future 306 

studies incorporating healthy controls are warranted to evaluate the diagnostic utility of 307 

the CPR/IRI molar ratio in identifying individuals with milder phenotypes within non-308 

diabetic populations. Such research would provide additional insights into the broader 309 

applicability of this diagnostic tool. 310 

In conclusion, the CPR/IRI molar ratio, both at baseline and during a 75-g 311 

OGTT, showed higher sensitivity and specificity compared with the current diagnostic 312 

criterion of fasting IRI concentration for distinguishing type A IRS from type 2 diabetes. 313 
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Whereas type A IRS is relatively rare, recent estimates suggest its prevalence is at least 314 

0.7% of individuals with diabetes,(6) suggesting the existence of a considerable number 315 

of undiagnosed cases. The CPR/IRI molar ratio might therefore prove useful for 316 

identification of such undiagnosed cases.  317 

 318 
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Figure Legends 483 

Fig. 1  Flowcharts for individual selection in the type A insulin resistance syndrome 484 

(a) and type 2 diabetes (b) groups. CPR, C-peptide reactivity; IRI, immunoreactive 485 

insulin. 486 

 487 

Fig. 2  Receiver operating characteristic (ROC) curves comparing the diagnostic 488 

performance of the immunoreactive insulin concentration (IRI, solid lines) and the C-489 

peptide reactivity/immunoreactive insulin molar ratio (CPR/IRI, dashed lines) for 490 

differentiating type A insulin resistance syndrome from type 2 diabetes. ROC curves are 491 

shown for measurements taken at fasting (a), 1 hour after glucose ingestion (b), and 2 492 

hours after glucose ingestion (c) during a 75-g oral glucose tolerance test (OGTT). The 493 

area under the curve (AUC) for each ROC curve was compared using DeLong's test. 494 

Specificity was compared using the McNemar test, while sensitivity was 100% for 495 

CPR/IRI, making statistical testing for sensitivity impossible.  496 

 497 

Fig. 3  Scatter plots illustrating: (a) the relationship between the fasting C-peptide 498 

reactivity (CPR)/immunoreactive insulin (IRI) molar ratio and BMI, (b) the relationship 499 

between fasting IRI concentration and BMI, and (c) the relationship between the fasting 500 
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CPR/IRI molar ratio and fasting IRI concentration. Data are shown for individuals with 501 

type A insulin resistance syndrome (IRS) and type 2 diabetes. These plots highlight the 502 

distinct separation between the two groups, emphasizing the diagnostic utility of the 503 

CPR/IRI molar ratio. 504 
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Table 1 Details of the study participants with type A insulin resistance syndrome 

Case 
Age 

(years) 
Sex 

BMI 

(kg/m²) 

HbA1c 

(%) 

Fasting 

glucose 

(mg/dL) 

Fasting 

CPR 

(ng/mL) 

Fasting 

IRI 

(μIU/mL) 

Fasting 

CPR/IRI 

molar 

ratio 

1-h 

CPR/IRI 

molar 

ratio 

2-h 

CPR/IRI 

molar 

ratio 

Case 1 39 F 18.1 5.6 90 1.69 16.6 4.85 2.63 2.38 

Case 2 (Case 1 father) 74 M 22.5 6.0 103 3.29 26.3 5.96 2.19 2.00 

Case 3 

Hashimoto et al (2012) 
28 F 20.6 6.0 80 2.60 141.0 0.88 0.89 1.34 

Case 4 

Ogawa et al (2009) 
16 F 16.0 5.6 64 2.91 72.0 1.93 1.07 0.84 

Case 5 (Case 4 sister) 

Ogawa et al (2009) 
19 F 19.3 5.8 73 1.71 19.0 4.29 1.88 1.45 

Case 6 31 M 27.0 5.4 99 3.23 60.2 2.56 1.14 0.98 

Case 7 64 F 21.6 5.7 136 7.64 103.4 3.52 1.92 1.45 

Takahashi et al (2010) 

proband 
12 F 21.6 9.2 124 3.18 65.7 2.31 1.74 1.64 

Takahashi et al (2010) 

father 
40 M 21.8 4.7 88 1.24 10.1 5.85 3.30 3.55 

Huang et al (2009) 

proband 
16 F 17.8 N/A N/A 6.53 211.5 1.47 0.55 1.19 

Huang et al (2009) 

father 
43 M 23.9 N/A N/A 4.50 109.3 1.96 0.76 0.41 

Huang et al (2009) 

twin 1 
8 M 16.0 N/A N/A 1.63 35.3 2.20 0.62 0.65 

Saito-Hakoda et al 

(2018) 
12 F 24.0 5.5 75 2.10 29.0 3.45 1.61 1.41 

Nakashima et al 

(1992) 
17 F 26.3 12.8 266 3.30 110.0 1.43 1.62 1.36 

Kuroda et al (2015) 

case 2 
34 M 28.0 6.7 82 2.30 41.8 2.62 1.52 1.06 

Kuroda et al (2015) 

case 2 son 
9 M 15.1 5.9 79 0.90 15.0 2.86 2.00 1.71 

Preumont et al (2017) 

case 1 
16 F 24.3 N/A 61.3 2.60 87.0 1.42 1.75 1.46 

Preumont et al (2017) 

case 2 
43 F 19.6 N/A 86.5 1.72 48.2 1.70 0.90 0.86 

Cases 1 to 7 were from our institution, with the remaining cases being derived from the literature search as 
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indicated. Fasting, 1-h, and 2-h glucose, C-peptide reactivity (CPR), and immunoreactive insulin (IRI) 

concentrations were measured during a 75-g OGTT. N/A, not available. 
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Table 2 Characteristics of the type A insulin resistance syndrome (IRS) and type 2 diabetes groups 

Characteristic 
Type A IRS  

(n = 18) 

Type 2 diabetes  

(n = 126) 
p value 

Age (years) 23.5 [15.0-40.8] 62.0 [51.0-68.0] <0.001 

Sex (male/female) 7/11 79/47 0.07 

BMI (kg/m2) 21.6 [18.0-24.1] 25.9 [22.7-29.2] <0.001 

HbA1c (%) / (mmol/mol) 
5.8 [5.6-6.4] / 39.0 [36.5-

45.5] 

7.3 [6.6-8.4] / 56.0 [48.0-

68.0] 
<0.001 

Fasting plasma glucose (mg/dL) 86.5 [75.0-103.0] 94.5 [86.8-108.3] 0.09 

Fasting CPR (ng/mL) 2.6 [1.7-3.3] 2.1 [1.6-3.1] 0.23 

Fasting IRI (μIU/mL) 54.2 [24.5-104.9] 6.1 [4.0-10.6] <0.001 

HOMA-IR 10.3 [3.7-20.1] 1.5 [0.9-2.6] <0.001 

Fasting CPR/IRI molar ratio 2.4 [1.6-3.7] 15.5 [11.9-21.1] <0.001 

75-g OGTT 1-h plasma glucose (mg/dL) 220.0 [134.0-263.0] 212.0 [171.0-249.0] 0.78 

75-g OGTT 1-h IRI (μIU/mL) 436.2 [182.0-695.2] 34.0 [19.0-63.8] <0.001 

75-g OGTT 1-h CPR/IRI molar ratio 1.6 [0.9-1.9] 7.8 [6.0-10.2] <0.001 

75-g OGTT 2-h plasma glucose (mg/dL) 172.0 [122.0-262.0] 217.0 [159.3-262.0] 0.29 

75-g OGTT 2-h IRI (μIU/mL) 551.6 [263.7-969.1] 43.0 [26.8-71.4] <0.001 

75-g OGTT 2-h CPR/IRI molar ratio 1.4 [0.9-1.7] 9.1 [6.7-12.1] <0.001 

With the exception of sex, data are presented as median [interquartile range]. The p values for comparisons 

between the two groups were determined with the Mann-Whitney U test, with the exception of sex (chi-

square test). Fasting, 1-h, and 2-h glucose, C-peptide reactivity (CPR), and immunoreactive insulin (IRI) 

concentrations were measured during a 75-g OGTT. 
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