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Abstract
Aims Associations of proinsulin-to-insulin ratios with inci-
dent type 2 diabetes have been inconsistent. The use of C-
peptide as the denominator in the ratio may allow for better
prediction because C-peptide concentration is not affected by
hepatic insulin clearance. The objective of this paper was to
compare fasting intact and split proinsulin-to-insulin ratios
(PI/I, SPI/I) with intact and split proinsulin-to-C-peptide ratios
(PI/C-pep, SPI/C-pep) in the prediction of type 2 diabetes.
Methods Prospective data on 818 multi-ethnic adults
without diabetes at baseline from the Insulin Resistance
Atherosclerosis Study (IRAS) were used. Insulin sensitivity
(SI) and acute insulin response (AIR) were determined from
frequently sampled intravenous glucose tolerance tests, and
fasting intact and split proinsulin were measured using

specific two-site monoclonal antibody-based immunoradio-
metric assays. Associations of proinsulin ratios with type 2
diabetes were determined using logistic regression and
differences in prediction were assessed by comparing areas
under the receiver operating characteristic curve (AROCs).
Results In logistic regression analyses, PI/C-pep and SPI/C-
pepweremore strongly associated with incident type 2 diabetes
(n=128) than PI/I and SPI/I, and were significantly better
predictors of diabetes in AROC analyses (PI/C-pep=0.662 vs
PI/I=0.603, p=0.02; SPI/C-pep=0.690 vs SPI/I=0.631, p=
0.01). Both PI/C-pep and SPI/C-pep were associated with
type 2 diabetes after adjustment for age, sex, ethnicity, waist
circumference, impaired glucose tolerance, lipids and SI. Both
PI/C-pep and SPI/C-pep were significantly associated with
incident type 2 diabetes in models that included AIR.
Conclusions Proinsulin-to-C-peptide ratios were stronger
predictors of diabetes in comparison with proinsulin-to-
insulin ratios. These findings support the use of C-peptide
as the denominator for proinsulin ratios, to more accurately
reflect the degree of disproportional hyperproinsulinaemia.

Keywords Beta cell function . Insulin sensitivity .

Proinsulin . Type 2 diabetes mellitus

Abbreviations
AIR Acute insulin response
AROC Area under the receiver operating characteristic

curve
FSIGT Frequently sampled intravenous glucose tol-

erance test
IGT Impaired glucose tolerance
IRAS Insulin Resistance Atherosclerosis Study
NGT Normal glucose tolerance
PI/C-pep Intact proinsulin-to-C-peptide ratio
PI/I Intact proinsulin-to-insulin ratio
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SI Insulin sensitivity
SPI/C-pep Split proinsulin-to-C-peptide ratio
SPI/I Split proinsulin-to-insulin ratio

Introduction

Type 2 diabetes is characterised by higher circulating
concentrations of intact and split proinsulin, in absolute
amounts and as proportions of total insulin secretory
products [1–3]. Although the cause of disproportional
hyperproinsulinaemia in diabetes is unknown, it may arise
from inefficient proinsulin processing within the beta cell
secretory granule or the premature release of proinsulin as a
result of increased demand for insulin in insulin-resistant
states [4]. Elevations in the ratio of proinsulin to insulin as
well as absolute proinsulin concentrations adjusted for
fasting insulin have been proposed as early markers of beta
cell dysfunction [5]. Prospective observational studies have
reported significant associations of total, intact and split
proinsulin-to-insulin ratios with incident type 2 diabetes [4,
6–9]; proinsulin concentrations adjusted for fasting insulin
have also been related to incident diabetes [10–13].
However, other studies have reported non-significant
associations of proinsulin-to-insulin ratios with incident
type 2 diabetes (although it should be noted that proinsulin
itself was predictive in these studies) [13, 14].

One possible explanation for these inconsistent findings is
that the use of fasting insulin as the denominator in proinsulin
ratios may not be the optimal method for documenting relative
hyperproinsulinaemia, as fasting insulin concentrations are
affected by both beta cell secretion and hepatic clearance of
insulin [15]. Hepatic insulin clearance is reduced in insulin-
resistant individuals [16], which contributes to elevated
fasting insulin concentrations in these participants and would
result in a deflation in the proinsulin-to-insulin ratio.
Vauhkonen et al. suggested that proinsulin-to-C-peptide
ratios may be better indicators of distressed beta cells as C-
peptide is not cleared by the liver, and therefore concen-
trations are less affected by insulin resistance [15].

The majority of observational studies that have examined
the relationship between proinsulin ratios and incident
diabetes have used fasting insulin concentrations as the
denominator [4, 6–14]. To our knowledge, no studies have
compared proinsulin-to-C-peptide ratios with proinsulin-to-
insulin ratios in the prediction of type 2 diabetes. Further, it
is not clear whether disproportional hyperproinsulinaemia
reflects the same dimension of beta cell dysfunction as other
secretory markers (such as those derived from stimulated
protocols). A limited number of studies have shown
proinsulin, adjusted for fasting insulin, to be independently
related to type 2 diabetes after adjustment for other markers
of beta cell function, specifically acute insulin response

(AIR) [10, 11] and early insulin response [12], but no studies
have looked at the ability of proinsulin-to-C-peptide ratio to
predict diabetes independent of these measures.

Our study objectives included examining the associa-
tions of proinsulin-to-insulin and proinsulin-to-C-peptide
ratios with incident diabetes in a multi-ethnic population
with detailed measures of glucose tolerance status, insulin
sensitivity (SI) and AIR.

Methods

A detailed methodology for the Insulin Resistance Athero-
sclerosis Study (IRAS) has been published [10, 17]. The
study aimed to include equal numbers of non-Hispanic
white, African-American and Hispanic adults with normal
glucose tolerance (NGT), impaired glucose tolerance (IGT)
and type 2 diabetes. The baseline population included 1,625
participants. Follow-up study visits occurred approximately
5 years after baseline. Study protocols, which included
measures of waist circumference, height, weight and self-
reported ethnicity, were identical for baseline and follow-up
and were obtained by standard measures [17]. All partic-
ipants gave written informed consent and the institutional
review boards at each study centre provided ethical approval.

For the purposes of the current study, 559 participants with
diabetes at baseline were excluded. In addition, participants
who did not return for follow-up study visits (n=175) were
excluded, as were participants with missing data for fasting
insulin and proinsulin concentrations and/or AIR or SI. The
resulting study population for the current analysis was 818.

Blood samples were collected after participants had fasted
for 12 h and abstained from heavy exercise, alcohol and
smoking before the study visit [17]. A standard OGTT and
modified frequently sampled intravenous glucose tolerance
test (FSIGT) were performed on two study days separated by
1 week at minimum, 1 month at maximum [17]. The
validated modified FSIGT protocol included an injection of
regular insulin, rather than tolbutamide, and a reduced
number of samples [17]. Data from the FSIGT were used
to calculate SI, using MINMOD mathematical modelling
analysis (version 3.0, 1994), and AIR, which was calculated
as the mean plasma insulin concentration from 2 and 4 min
time points after the initial administration of glucose.

Laboratory analyses of glucose, insulin and C-peptide
took place at the University of Southern California (Los
Angeles, CA, USA), where plasma samples were shipped
on a monthly basis. The glucose oxidase technique on an
automated autoanalyser (Yellow Springs Equipment, Yel-
low Springs, OH, USA) was used to analyse plasma
glucose concentrations. Insulin was measured by a
dextran-charcoal RIA that cross-reacted with proinsulin.
The CV for the insulin RIA based on assays of 163 split-
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pairs was 19%. C-peptide was measured using the NOVO-
Nordisk human C-peptide method (NOVO-Nordisk,
Copenhagen, Denmark). The intra-assay CV was 3.2%
and the inter-assay CV was 16.5%.

Fasting serum concentrations of intact and split proinsu-
lin were measured in the laboratory of the Department of
Clinical Biochemistry at Addenbrooke’s Hospital (Cam-
bridge, UK) after an average of 3.3 years of storage at −70°C.
Two highly specific two-site monoclonal antibody-based
immunoradiometric assays were used to measure intact and
split proinsulin. The assay for intact proinsulin had no
detectable cross-reactivity with insulin or split proinsulin and
its split-pair CV was 14% (n=98). The split proinsulin assay
cross-reacted equally with 32, 33, des-32 and des-31, 32 split
proinsulins, the major component being des-31, 32; however,
it did not cross-react with insulin. The cross-reactivity with
intact proinsulin was 84%, so assay values of split proinsulin
were corrected by subtracting corresponding proinsulin
cross-reactivity. The split-pair CV for this assay was 18%
for 94 split-pairs [10].

Incident cases of diabetes at follow-up were defined by
fasting or 2 h postload glucose concentrations according
1999 WHO guidelines [18]. In addition, participants with a
new recorded use of oral hypoglycaemic agents or insulin
were considered to have incident diabetes.

Statistical analysis Intact and split proinsulin concentra-
tions were divided by fasting C-peptide and insulin
concentrations to yield intact and split proinsulin-to-C-
peptide ratios (PI/C-pep, SPI/C-pep) as well as intact and
split proinsulin-to-insulin ratios (PI/I, SPI/I). These varia-
bles were log-transformed because they displayed non-
normal distributions that were improved by natural log
transformation. Similarly, AIR was log-transformed. Char-
acteristics of participants who converted to type 2 diabetes
in comparison with those who did not were presented as
means and SD and tested for differences by non-parametric
Kruskal–Wallis tests. Categorical variables were presented
as n (%) and tested for differences by χ2 analyses.

Multivariable logistic regression analysis was used to
assess risk of incident diabetes per 1-SD increase in the
natural log ratios of PI/I, SPI/I, PI/C-pep and SPI/C-pep.
The base model included adjustment for sex, ethnicity and
age; a second model was additionally adjusted for waist
circumference, triacylglycerol, HDL-cholesterol and glu-
cose tolerance status, and the fully adjusted model was
adjusted for SI. Sensitivity analyses were carried out
substituting BMI for waist circumference (data not shown).
Since there was little difference, the models with waist
circumference are reported here. In addition to analyses in
the full population, an a priori decision was made to
conduct the logistic regression analyses in the study
population stratified by baseline glucose tolerance as well

as the median split of baseline SI and AIR. We also tested
whether associations between proinsulin ratios were inde-
pendent of AIR. Interaction analyses using categorical
values defined by quartiles of the proinsulin ratios were
conducted for ethnicity and sex.

To evaluate the ability of PI/C-pep and SPI/C-pep ratios
to predict risk of type 2 diabetes relative to PI/I and SPI/I
ratios, comparisons of the areas under the receiver
operating characteristic curve (AROCs) were performed,
with significance determined by the DeLong algorithm
[19]. Comparisons were made using data from minimally
adjusted logistic regression models.

In light of the potential of ORs to overestimate the
relative risk when the incidence of the outcome exceeds
10%, we re-ran the analyses for the full population using
Poisson regression. The magnitude, direction and signifi-
cance of the findings were very similar to those from the
logistic regression models (data not shown).

Results

A total of 128 out of 818 participants were found to have
developed diabetes after an average of 5.2 years of follow-
up, a cumulative incidence rate of 15.7% (Table 1). Those
who converted to type 2 diabetes were significantly older,
were more likely to have had IGT, and had significantly
higher waist circumference and BMI values at baseline. In
addition, those who converted had lower baseline SI and
AIR values and higher fasting insulin and C-peptide
concentrations. All proinsulin ratios at baseline, including
PI/C-pep, SPI/C-pep, PI/I and SPI/I, were significantly
higher amongst those who converted to type 2 diabetes.

In multivariable logistic regression analyses, PI/C-pep
and SPI/C-pep ratios were more strongly associated with
incident diabetes than the corresponding PI/I and SPI/I
ratios (Table 2) and were significantly better predictors of
type 2 diabetes in AROC analyses (PI/C-pep=0.662, PI/I=
0.603, p=0.02; SPI/C-pep=0.690, SPI/I=0.631, p=0.01).
Both PI/C-pep and SPI/C-pep ratios were significantly
associated with an increased risk of type 2 diabetes in the
whole study population and associations remained strong in
the fully adjusted models. The PI/I ratio was not found to
be significantly related to an increased risk of diabetes after
adjustment for waist circumference, triacylglycerol, HDL-
cholesterol, glucose tolerance and SI (model 3: OR 1.17
[95% CI 0.96, 1.45]). The SPI/I ratio was related to an
increased risk of diabetes in all models, although risk
estimates were lower than those observed for the SPI/C-pep
ratio (Table 2).

When the multivariable logistic regression analyses were
carried out separately for NGT and IGT participants, PI/C-
pep and SPI/C-pep ratios remained strongly related to an

Diabetologia (2011) 54:3047–3054 3049



increased risk of diabetes in both groups, although risk
estimates were lower amongst IGT participants. The OR for
a 1-SD increase in natural log PI/C-pep ratio in the fully
adjusted model was 1.62 (95% CI 1.19, 2.20) in NGT
participants and 1.44 (1.07, 1.93) in IGT participants
(Fig. 1a). The PI/I ratio was not significantly related to
an increased risk of diabetes amongst NGT or IGT
participants. The ORs in the fully adjusted models were
1.31 (95% CI 0.94, 1.82) and 1.15 (95% CI 0.91, 1.57)
for NGT and IGT participants, respectively. SPI/C-pep
was associated with an increased risk of diabetes in
both NGT and IGT groups, with an OR of 1.70 (95%
CI 1.23, 2.36) amongst NGT participants and 1.50 (95%
CI 1.09, 2.06) amongst IGT participants (Fig. 1a). SPI/I
was borderline significantly related to a higher risk of
diabetes in the NGT group (OR 1.39 [95% CI 1.00, 1.93],
Model 3) but was not significantly related to incident
diabetes amongst IGT participants (OR 1.16 [95% CI
0.87, 1.54]) (Fig. 1a).

Differences in the predictive abilities of both PI/C-
pep and SPI/C-pep ratios were observed between

median-split SI groups. In the group with SI values below
the median (<1.65×10−4 min−1 [μU/ml]−1; to convert
values to SI units [μmol m−2 min−1 (pmol/l)−1] multiply
by 0.167), PI/C-pep and SPI/C-pep ratios were strongly
significantly related to an increased risk of diabetes
(Fig. 1b). Amongst participants with high SI values
(≥1.65×10−4 min−1 [μU/ml]−1), there was no significant
relationship between PI/C-pep or SPI/C-pep ratio and
incident diabetes. Proinsulin-to-insulin ratios were not
significantly related to diabetes in either SI group.
Interestingly, the ORs for both proinsulin-to-C-peptide
and proinsulin-to-insulin ratios were in the same range
(OR ~1.30 [95% CI ~0.90, 1.90]) amongst participants
with greater SI values (Fig. 1b).

AROC analyses showed that, amongst participants
with SI values below the median, PI/C-pep was a
significantly better predictor of type 2 diabetes compared
with PI/I (AROC 0.665 vs 0.601, respectively, p=0.03).
Amongst NGT and IGT participants, the discrepancy
between the two ratios was not as strong (AROC 0.691
vs 0.637, p=0.059 for NGT and AROC 0.663 vs 0.559, p=

Table 1 Subject characteristics for study population and by conversion to type 2 diabetes (n=818)

Characteristic Total population Non-converters Converters to type 2 diabetes p value

n (%) 818 (100) 690 (84.4) 128 (15.7) –

Age (years) 54.7 (8.5) 54.4 (8.5) 56.5 (8.1) 0.0099

Males, n (%) 360 (44.0) 308 (44.6) 52 (40.6) 0.4009

Ethnicity, n (%) 0.6497

Non-Hispanic white 330 (40.3) 280 (40.6) 50 (39.1)

African-American 203 (24.8) 174 (25.2) 29 (22.7)

Hispanic 285 (34.8) 236 (34.2) 49 (38.3)

Glucose tolerance status, n (%) <0.0001

Normal 552 (67.5) 508 (73.6) 44 (34.4)

IGT 266 (32.5) 182 (26.4) 84 (65.6)

Waist circumference (cm) 90.3 (12.5) 89.4 (12.4) 95.2 (12.0) <0.0001

BMI (kg/m2) 28.3 (5.5) 27.9 (5.3) 30.8 (6.1) <0.0001

Fasting insulin (pmol/l) 108.5 (105.2) 98.8 (74.6) 160.5 (194.5) <0.0001

Fasting C-peptide (nmol/l) 0.56 (0.25) 0.54 (0.24) 0.69 (0.27) <0.0001

Fasting intact proinsulin (pmol/l) 5.9 (5.3) 5.4 (4.7) 9.1 (6.9) <0.0001

Fasting split proinsulin (pmol/l) 8.0 (7.5) 7.0 (6.2) 13.4 (11.0) <0.0001

SI (×10
−4 min−1 [μU/ml]−1)a 2.21 (2.04) 2.37 (2.07) 1.36 (1.62) <0.0001

AIR (μU/ml)b 67.3 (57.4) 70.6 (59.7) 49.5 (37.6) <0.0001

PI/C-pep 10.8 (7.3) 10.3 (7.2) 13.2 (7.4) <0.0001

SPI/C-pep 13.6 (9.5) 12.8 (9.0) 18.2 (10.8) <0.0001

PI/I 0.066 (0.051) 0.064 (0.049) 0.075 (0.062) 0.0055

SPI/I 0.082 (0.067) 0.079 (0.064) 0.101 (0.076) 0.0002

Data are presented as mean (SD) unless otherwise stated

p values for χ2 values or Kruskal–Wallis tests for a comparison between non-converters and converters
a To convert values to SI units (μmol m−2 min−1 (pmol/l)−1 ) multiply by 0.167
b To convert values to SI units (pmol/l) multiply by 6.945
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0.12 for IGT). There was no difference in predictive ability
between PI/C-pep and PI/I amongst participants with high SI
values (AROC 0.615 vs 0.623, p=0.67). Similarly, SPI/C-
pep was a better predictor of type 2 diabetes amongst
participants with low SI values compared with SPI/I (AROC
0.678 vs 0.612, p=0.02), but there were no significant
differences in prediction abilities in the glucose tolerance
subgroups.

When AIR was added to multivariable logistic
regression models in the full study population, PI/C-
pep and SPI/C-pep ratios remained strongly indepen-
dently related to an increased risk of type 2 diabetes, as
did AIR (Table 3). The SPI/I ratio was attenuated by the
addition of AIR to the logistic regression model to
borderline significance (OR 1.25 [95% CI 1.00, 1.55])
while the PI/I ratio was not related to incident diabetes in
these models. In an analysis within subgroups of AIR (defined
by the median split), PI/C-pep and SPI/C-pep ratios were
independently related to incident type 2 diabetes in both
groups, and the magnitudes of the ORs were stronger than
those for PI/I and SPI/I in all models (Electronic supplemen-
tary material [ESM] Tables 1 and 2).

Interaction terms were not significant for any of the
proinsulin ratios with ethnicity or sex.

Discussion

In the IRAS study population, we observed that both PI/C-
pep and SPI/C-pep ratios were strong predictors of incident
diabetes, irrespective of glucose tolerance status, and that
these ratios were better predictors of incident diabetes than
PI/I and SPI/I ratios. The discrepancy in predictive ability
was most profound in participants with lower SI values and
was not apparent in participants with SI values above the
median split, suggesting that insulin resistance affects the
ability of proinsulin-to-insulin ratios to predict diabetes
(with little difference between the ratios amongst insulin-
sensitive participants).

Our data support the suggestion by Vauhkonen et al. [15]
that C-peptide be used as the denominator in proinsulin
ratios to better estimate the relative proportion of proinsulin
being secreted. This is because fasting insulin concentra-
tions are affected by hepatic clearance of insulin, which has
been observed to be reduced in insulin-resistant states,
while C-peptide concentrations are not similarly affected.
Thus, the use of fasting insulin as the denominator in
proinsulin ratios may lead to diluted values as a result of
elevations in fasting insulin concentrations caused by
reduced hepatic clearance. Our observations that the
proinsulin-to-insulin ratios were not associated with an
increased risk of diabetes in participants with lower SI
support these concerns about the use of proinsulin-to-
insulin ratios for diabetes risk estimation.

Numerous studies have reported that proinsulin-to-
insulin ratios are significantly related to increased risk of
diabetes [4, 6–12], although inconsistencies have been
reported [13, 14]. Specifically, Wareham et al. found that
the ratio of proinsulin-to-insulin was not increased amongst
IGT participants at baseline and that the ratio did not
significantly predict diabetes after adjustment for age, sex
and glucose tolerance status in the whole study population
[14]. Nijpels et al. studied the relationship between
proinsulin-to-insulin ratio in participants with IGT and
reported that the ratio was not significantly related to an
increased risk of diabetes in these participants [13]. These
discrepancies in the literature could be due to differences
across studies in the effect of insulin resistance on hepatic
plasma insulin clearance and the resulting impact on fasting
insulin concentrations. This point is of relevance to the
studies mentioned above, as participants with IGT are
known to have insulin resistance and hyperinsulinaemia.

In spite of the use of insulin as a marker of insulin
secretion to evaluate disproportional hyperproinsulinaemia,
a number of studies have reported significant relationships
between these measures and incident diabetes [4, 7–12, 14],
although it is likely that the magnitude of risk of type 2
diabetes was underestimated in these studies for the reasons
mentioned above. Conversely, it is possible that there was a

Table 2 Multivariable logistic regression analysis of baseline meas-
ures of proinsulin and risk of incident diabetes (n=818)

Independent variable OR (95% CI) Wald χ2 p value

Log PI/C-pep

Model 1 1.61 (1.32, 1.96) 23.15 <0.0001

Model 2 1.51 (1.22, 1.86) 14.14 0.0002

Model 3 1.50 (1.21, 1.86) 13.86 0.0002

Log SPI/C-pep

Model 1 1.94 (1.57, 2.40) 36.74 <0.0001

Model 2 1.67 (1.33, 2.11) 18.97 <0.0001

Model 3 1.65 (1.30, 2.09) 17.43 <0.0001

Log PI/I

Model 1 1.21 (0.998, 1.47) 3.75 0.0529

Model 2 1.13 (0.92, 1.39) 1.36 0.2443

Model 3 1.17 (0.96, 1.45) 2.13 0.1445

Log SPI/I

Model 1 1.44 (1.17, 1.76) 12.39 0.0004

Model 2 1.22 (0.99, 1.52) 3.50 0.0615

Model 3 1.24 (1.00, 1.54) 3.76 0.0525

Model 1: Adjusted for age, sex and ethnicity

Model 2: Additionally adjusted for waist circumference, triacylgly-
cerol, HDL-cholesterol and glucose tolerance status at baseline

Model 3: Additionally adjusted for SI
OR refers to risk of diabetes per 1-SD increase in independent variable

Natural log transformations were used
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lower prevalence of insulin resistance in these study
populations; however, this supposition cannot be verified
as insulin sensitivity data were not reported in the majority
of the related prospective studies [4, 6–11, 13, 14].
Zethelius et al. reported that proinsulin concentrations
adjusted for insulin were related to incident diabetes
independent of SI amongst elderly white men, but the
analysis was not stratified by SI [12].

Our study also showed that proinsulin-to-C-peptide
ratios were predictors of diabetes independent of AIR.
These findings lend further support to the hypothesis
that disproportional hyperproinsulinaemia may reflect a
different dimension of beta cell function than is
captured by AIR (e.g. disordered processing vs loss of
beta cell mass) [10, 11].

The strengths of our study include the use of precise
measures of AIR and SI, the relatively large sample size
and representation of three ethnic groups in the study

population. In addition, measures of both intact and split
proinsulin were available. Limitations include the use of
data from a non-specific insulin assay, which displayed a
high degree of cross-reactivity with proinsulin. Non-
specific insulin assays detect all circulating immunoreac-
tive insulin-like materials. In non-diabetic participants, it
has been demonstrated that proinsulin and its split
products constitute only about 10% of this material. Since
all participants were non-diabetic at baseline, this cross-
reactivity would have impacted all participants to the
same general degree. In interpreting the results of the
present study, it is important to bear in mind the longer half-
life and lower inter-individual variability of C-peptide vs
insulin. To address this issue, an examination of stimulated
proinsulin-to-C-peptide ratios vs proinsulin-to-insulin ratios
would have been ideal, as stimulated concentrations are
thought to be a better reflection of beta cell secretory granule
content and they are less affected by elimination kinetics [20].

Whole population (n=818)
PI/C-pep

SPI/C-pep

SPI/I

PI/I

PI/C-pep

SPI/C-pep

SPI/I

PI/I

NGT (n=552)
IGT (n=266)

Whole population (n=818)
NGT (n=552)
IGT (n=266)

Whole population (n=818)
NGT (n=552)
IGT (n=266)

Whole population (n=818)
NGT (n=552)
IGT (n=266)

1.00.8 0.9 2.0

OR (95% CI)

Whole population (n=818)
Low SI (n=408)
High SI (n=410)

Whole population (n=818)
Low SI (n=408)
High SI (n=410)

Whole population (n=818)
Low SI (n=408)
High SI (n=410)

Whole population (n=818)
Low SI (n=408)
High SI (n=410)

0.8 0.9 2.01.0

OR (95% CI)

a

b

Fig. 1 a ORs for proinsulin
ratios in the total study popula-
tion and glucose tolerance sub-
groups. OR adjusted for age,
sex, ethnicity, waist circumfer-
ence, glucose tolerance status at
baseline and insulin sensitivity
and corresponds to a 1-SD in-
crease in natural log proinsulin
ratio. There were 128 events
amongst 818 participants in the
whole population, 44 events
amongst 552 participants in the
NGT subgroup and 84 events
amongst 266 participants in the
IGT subgroup. b ORs for pro-
insulin ratios in the total study
population and insulin sensitivi-
ty subgroups. OR adjusted
for age, sex, ethnicity, waist
circumference and glucose tol-
erance status at baseline, and
corresponds to a 1-SD increase
in natural log proinsulin ratio.
There were 128 events amongst
818 participants in the whole
population, 97 events amongst
408 participants in the low SI
subgroup and 31 events amongst
410 participants in the high SI
subgroup
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Notwithstanding, fasting proinsulin-to-insulin ratios have
been correlated with acutely stimulated proinsulin-to-insulin
ratios [21]. Given the lack of clear differences in prediction
between intact and split proinsulin in the present analysis, the
value of measuring intact and split proinsulin (vs total
proinsulin) requires additional study. Further, statistical
power was reduced in our subgroup analysis because of the
relatively small number of events, particularly in our high SI
group. In addition, the CVs of our RIA for insulin, C-peptide
and intact and split proinsulin were high. Finally, in light of
the high prevalence of IGT and insulin resistance in the study
population, these findings need to be confirmed in larger
general population studies.

In conclusion, it was observed that, in comparison
with proinsulin-to-insulin ratios, proinsulin-to-C-peptide
ratios were stronger predictors of incident diabetes in a
multi-ethnic study population, and that the differences in
predictive ability were most profound in participants
with low SI. These findings strongly support the use of C-
peptide as a ratio denominator to more accurately reflect
the degree of disproportional proinsulin being secreted by
beta cells.
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