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Abstract

Background:

Insulin resistance (IR) and deterioration of beta-cell secretion are main features in the development of
type 2 diabetes, which is reflected in increasing serum intact proinsulin levels in later disease stage.
Introduction of stable assays that are able to distinguish between intact proinsulin and its specific and
unspecific cleavage products has resulted in the finding that serum intact proinsulin values can serve as a direct
marker for beta-cell dysfunction, are a highly specific indicator of IR, and can predict cardiovascular risk.

Method:

Determination of fasting intact proinsulin may be used to monitor and optimize antidiabetic therapeutic
approaches. Our study group has been involved in a variety of clinical studies investigating drug effects on
beta-cell secretory capacity, IR, and intact proinsulin levels. One focus was on the impact of insulin-sensitizing
therapy with pioglitazone on the pancreatic beta-cell load.

Results:

Treatment with pioglitazone resulted in significant decreases in elevated proinsulin levels in type 2 diabetes
patients. This effect was independent from glycemic control.

Conclusions:

Measurement of fasting intact proinsulin values allows a staging of beta-cell dysfunction and evaluation of
IR, thus providing an interesting diagnostic tool for both selection of appropriate therapy and monitoring of
treatment success.
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Introduction

'I;/pe 2 diabetes mellitus (T2DM) is characterized initially
by a metabolic insulin resistance (IR) and a genetically
determined dysfunction of the insulin-secreting pancreatic
beta cells. In clinical practice, patients are classified by
laboratory markers and symptoms such as hemoglobin
Alc (HbAlc), glucose, lipids, blood pressure, and body
mass index. However, this specification does not provide
insight into the underlying pathophysiological disorders.
There has been a rapidly growing interest in new methods
for the evaluation of pancreatic beta-cell dysfunction to
optimize therapeutic intervention strategies. Conventional
means for assessing insulin secretion impairment include
homeostasis model assessment (HOMA) score and meal-
related functional parameters. Next to this, a current

focus is on the defective islet beta-cell processing of
the proinsulin molecule that directly reflects the degree
of beta-cell dysfunction. Impaired beta-cell secretory
capacity induces disproportionately elevated serum
proinsulin levels, such as found in subjects with T2DM
and impaired glucose tolerance.!® Beyond its role as a
direct biomarker for beta-cell dysfunction, measurement
of intact proinsulin values has also emerged to be an
important indirect predictor for IR*> and individual
cardiovascular risk® (Figure 1). As a result, determination
of fasting intact proinsulin or the proinsulin-to-insulin
ratio has become a popular method to describe insulin-
resistance-associated beta-cell impairment and the impact
of therapeutic interventions on insulin-secreting cells.
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Figure 1. Characteristics of proinsulin: its role as a biomarker.
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In our cross-sectional epidemiological SETT2D study
(Study for the Evaluation of Treatment Preference
in Type 2 Diabetes), we investigated the biochemical
and demographic characteristics of 532 individuals
with diet or orally treated but insufficiently controlled
T2DM. Both IR, as assessed by HOMA-IR score, and
disproportionately increased intact proinsulin levels were
prevalent in the vast number of patients. These findings
underline the close association between beta-cell function
and insulin sensitivity.” Routine assessment of intact
proinsulin therefore provides a better understanding
of the underlying disease conditions and may allow
optimization of antidiabetic therapy beyond simple
glucose control.®

Our study group conducted a variety of clinical studies
that investigated changes in intact proinsulin levels as a
biomarker of beta-cell dysfunction and IR. It is noticeable
that patients with T2DM may show a very early increase
in fasting intact proinsulin secretion, independent from
disease duration or other clinical features.’

This article will report on the role of intact proinsulin
measurement for categorizing stages of T2DM progression.
Furthermore, we provide an overview of current evidence
on how insulin-sensitizing treatment with pioglitazone
may interfere with this modern robust biomarker for
beta-cell dysfunction, IR, and cardiovascular risk.

Proinsulin: A Pathophysiological
Background

Proinsulin is synthesized by the beta cell of the pancreas
as a precursor molecule for insulin. Physiologically,
virtually all proinsulin molecules are intracellularly
cleaved by carboxypeptides into insulin and C-peptide.
In healthy subjects, only a minor percentage of uncleaved
intact proinsulin is (postprandially) released into the
circulation. Progressive IR leads to an increased demand
for insulin. Thus the cleavage capacity of the processing
enzymes may be exhausted, and the intact precursor
or partially processed proinsulin is secreted in addition
to insulin and C-peptide.®!® Intact proinsulin binds to
the insulin receptor. However, it has only 10-20% of
the glucose-lowering effect of insulin but comparable
adipogenetic activity.!!

In the past, conventional nonspecific assays showed a
high cross reactivity with various fractions of proinsulin-
like molecules. This has led to only partial and sometimes
incorrect conclusions about the role of proinsulin in
the prediction and diagnosis of beta-cell dysfunction

and T2DM progression.’> New stable assays have been
developed that can distinguish between intact proinsulin
and its specific and unspecific cleavage products.5!>-14
Use of these assays in epidemiological and interventional
studies has helped to get a better understanding about
beta-cell dysfunction and its relation to IR and cardio-
vascular risk. Noteworthy is a new specific intact proinsulin
enzyme-linked immunosorbent assay (ELISA) that can
be easily introduced into routine laboratories and does
not require any further specific instrumentation.!3

Practical Aspects for the Use of Fasting
Intact Proinsulin Values in Daily
Therapeutic Practice

In later stages of T2DM, proinsulin and proinsulin-like
molecules are secreted in increasing amounts with insulin.
Based on very specific antibodies, assays are now able
to specifically differentiate intact proinsulin from other
degradation products, thus allowing a reliable staging of
beta-cell dysfunction and IR evaluation. Intact proinsulin
is stable in ethylenediaminetetraacetic acid whole blood
samples, which can be obtained from the routine sample
for HbAlc measurement.

Time point:
Fasting morning state

Specimen:
1.2 ml ethylenediaminetetraacetic acid blood (same
specimen as HbAlc)

Result:

Fasting intact proinsulin <11 pmol/liter (ELISA;
chemiluminescence assay <10) at manifestation or
therapy control = normal value:

* No qualitative beta-cell dysfunction
e Start or continue therapy to reach glucose target

* Repetition after 6 months (sulfonylurea treatment)
or 12 months (diet) recommended

Fasting intact proinsulin >11 pmol/liter (ELISA;
chemiluminescence assay >10) = elevated value:

¢ Beta-cell dysfunction and IR
e Beta-cell protective therapy recommended (exercise,

pharmacological  insulin-sensitizing  strategies,
glucagon-like peptide-1 analogs, insulin)
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e Further diagnosis of cardiovascular risk
recommended (e.g. lipids or high-sensitivity
C-reactive protein)

e Control measurement after 3 months recommended

Elevated Intact Proinsulin Values Reveal
Beta-Cell Dysfunction

Fasting measures of intact proinsulin values allow for a
pathophysiological staging of T2DM based on islet beta-
cell processing.®!3!* Beta-cell dysfunction covers three
components: (1) secretion timing disorder, (2) quantitative
disorder, and (3) qualitative disorder. A loss of first phase
insulin response, an important inhibitory signal for
hepatic glucose release, portrays the secretion timing
disorder in early stages of T2DM. Disease progression may
then lead to a decline in pulsatile insulin release, reflecting
an additional secretion timing failure. The quantitative
disorder starts when beta cells increase the volume
of insulin release based on the progressive external
demand. In later stages, exhaustion of the production
capacity may result in an almost complete loss of
insulin secretion. The quantitative increase in proinsulin
secretion will finally induce a deterioration of secretion
product composition'® (Figure 2).

Because of the minor but evident glucose-lowering effect,
patients with severe beta-cell dysfunction and high
proinsulin output may still have sufficient glucose-lowering
capacity to avoid the diagnosis of diabetes mellitus
in an oral glucose tolerance test experiment. In fact,
beta-cell dysfunction and proinsulin secretion are not
consequently correlated with diabetes duration,>>!® and
proinsulin secretion may precede the onset of clinically
overt T2DM.

Intact Proinsulin Is an Independent
Cardiovascular Risk Factor

Current evidence suggests that proinsulin contributes to the
excess incidence of cardiovascular disease in T2DM by
stimulating plasminogen activator inhibitor-1 secretion
and the consecutive inhibition of fibrinolysis® (Figure 1).
Elevated proinsulin concentrations predicted a 200%
increased risk for cardiovascular death and morbidity
over a 27-year period, independent of other major
cardiovascular risk factors in male patients without
diabetes.!® In the Hoorn Study, fasting proinsulin levels
proved to be significantly associated with all-cause
and cardiovascular mortality, independent of glucose

Stage | 1l llla 1llb

Active insulin

Beta-cell
secretion
Insulin
1 1
Figure 2. Classification of type 2 diabetes based on the

pathophysiology of beta-cell secretion. Insulin-sensitive patients with
normal quantitative insulin secretion but lack of the first-phase insulin
response would be classified as stage I (timing disorder). When IR is
developing, the beta cell may effectively counteract this phenomenon
by increased secretion of active insulin (quantitative disorder, stage
II). In the further course, the cell may reach the level of saturation
of the processing capacity, and intact proinsulin is secreted in an
increasing manner (qualitative secretion disorder, stage IIla). While
this contributes to an increased cardiovascular risk, the increasing
demand for insulin may finally conclude in a complete exhaustion of
beta-cell secretion (stage IIIb). This figure is adapted from Reference 6.

tolerance status and IR and largely independent of other
cardiovascular risk factors.” Numerous other clinical
trials provide similar results, supporting an independent
association between the increase of proinsulin levels and
cardiovascular disease.!!1516:20-23

Intact Proinsulin Predicts Progression of
Insulin Resistance

Insulin resistance is a hallmark of T2DM and has been
proposed as the common link between glucose metabolism
disorder and cardiovascular disease** Progression of IR
in the course of T2DM leads to increased insulin demands
and finally to an impairment of beta-cell function in
later stages of the disease. Disproportionately elevated
intact proinsulin levels in the peripheral blood serve
as an appropriate laboratory marker for this phenomenon
by disclosing the exhausted cleavage capacity of intra-
cellular processing enzymes.!

Haffner and colleagues* examined the relation between
the fasting proinsulin-to-insulin ratio with a number of
metabolic disorders believed to be associated with the IR
syndrome. In 423 subjects without diabetes, an increased
ratio was significantly associated with hypertension,
low high-density lipoprotein cholesterol, high triglyceride
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levels, and impaired glucose tolerance. These results
suggest that even nondiabetic individuals with the IR
syndrome not only exhibit hyperinsulinemia as a marker
of IR, but also show elevated proinsulin values, which
may reflect relative beta-cell failure or malfunction.

Our group conducted further research including T2DM
patients. Data from IRIS-II (study on Insulin Resistance
and Insulin Sensitivity — II)] a large epidemiology study
with 4270 people with diabetes revealed a calculated
specificity of 93.2% (sensitivity 46.9%) for elevated intact
proinsulin levels (>10 pmol/liter in the chemiluminescence
assay) as an indirect marker of IR. Moreover, patients
who presented with elevated proinsulin values
demonstrated a higher prevalence of micro- and macro-
vascular disease.”> The disproportionate increase in fasting
intact proinsulin concentrations even appeared to be a
more specific marker for IR and increased cardiovascular
risk than suppression of fasting adiponectin.?® Another
investigation explored the predictive value of intact
proinsulin in 48 T2DM patients (Figure 3). Again, there
was a significant correlation between intact proinsulin
values and IR measurement (minimal model analysis,
p < .05 HOMA, p < .01). Elevation of intact proinsulin
values above the reference range (>10 pmol/liter in the
chemiluminescence assay) showed a very high specificity
(minimal model analysis, 100%; HOMA, 92.9%) and a
moderate sensitivity (minimal model analysis, 48.6%;
HOMA, 471%) as marker for IR.?

Effects of Pioglitazone Treatment on
Elevated Proinsulin Levels

As demonstrated earlier, high proinsulin values reflect
impaired beta-cell secretory capacity, IR, and increased
cardiovascular risk. A search for antidiabetic strategies
that provide favorable effects on the defective islet beta-
cell processing of the proinsulin molecule therefore
seems to be useful. We and other study groups have
focused on the insulin-sensitizing agent pioglitazone.
Here we provide a summary of key clinical results for
the influence of pioglitazone treatment on beta-cell
function and proinsulin levels (Table 1).

In 2002, a Japanese study was published that enrolled
55 T2DM patients to clarify the influence of pioglitazone
on fasting proinsulin concentrations with a less specific
proinsulin assay. The results demonstrated that a 12-week
pioglitazone treatment alone or in combination with a
sulfonylurea significantly reduced fasting proinsulin levels,
whereas sulfonylurea monotherapy did not decrease
proinsulin in the third comparator group.?
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Figure 3. Intact proinsulin is a highly specific marker for IR:
correlation between fasting intact proinsulin values and the insulin
sensitivity index according to minimal model analysis. Intact
proinsulin was determined by means of a specific chemiluminescence
test. This figure is adapted from Reference 9.

Another investigation by Cooper and associates®
examined 22 T2DM patients who were assigned to receive
pioglitazone or the sulfonylurea drug glibenclamide
for 20 weeks. Sensitization to insulin with pioglitazone
treatment resulted in a significant reduction in
fasting and postprandial levels of proinsulin, whereas
glibenclamide had no effect on the insulin precursor
species.

Wallace and coworkers?” randomized 30 subjects with
diet-controlled T2DM to 3 months of treatment with
pioglitazone or placebo. Pioglitazone increased basal
insulin sensitivity by 24.7% (HOMA) versus 2.1% in the
placebo group (p = .02). Along with the favorable effect
on IR, insulin-sensitizing therapy led to a significant
decrease in the proinsulin-to-insulin ratio compared with
placebo, suggesting a decline of stress in islet beta cells.
Two further studies investigated the effects of pioglitazone
as part of oral triple therapy. The insulin-sensitizing
agent was administered as add-on to metformin and
insulin secretagogues in 54 (uncontrolled study) and
299 (placebo-controlled study) patients with T2DM and
inadequate glycemic control. During the follow-up at
weeks 26 and 28, respectively, the proinsulin-to-insulin
ratio again significantly decreased with pioglitazone
therapy, therewith indicating an improvement in beta-
cell function.?%

Our own research supports the encouraging results
for an insulin-sensitizing therapeutic strategy, such
as pioglitazone treatment. In our studies, we applied
the new stable intact proinsulin assays that are able to
distinguish between intact proinsulin and its specific
and unspecific cleavage products.5!>-14
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Pioglitazone in Comparison to Sulfonylurea
Administration

In a 6-month parallel randomized single-center open-
label study PIONEER (pioneer study for the impact of
pioglitazone on atherosclerosis) we evaluated the impact
of pioglitazone versus glimepiride on IR and beta-cell
dysfunction in 173 T2DM patients. During follow-up,
similar reductions in HbAlc were seen in both groups.

Table 1.

Treatment with pioglitazone resulted in a significant
decrease of HOMA-IR and intact proinsulin levels
as markers for IR and beta-cell dysfunction (p < .001
each versus glimepiride), independent from blood
glucose control. No such effects were observed in
the glimepiride group.?® Another analysis of the
PIONEER data substantiated that measurement of intact
proinsulin enables an estimation of atherosclerotic risk.

Impact of Pioglitazone Treatment on Proinsulin Levels: Clinical Results in Type 2 Diabetes Patients and
Patients without Diabetes”

Rﬁ:j?:g:;e Treatment arms Design Case numbers Follow-up Results with pioglitazone
rospective N = 55 Fasting proinsulin | (from 24.7 + 12.9 to 14.0 + 6.2
26 PIO versus SU prosp - 12 weeks pmol/liter; p < .01 versus baseline); no significant
controlled (T2DM) :
change with SU
prospective . s . . .
N = 30 Proinsulin/insulin ratio | (-0.057 versus +0.004;
27 PIO versus PBO control_led (diet-controlled T2DM) 12 weeks p = .03 versus PBO)
randomized
prospective
open-label N =173 Fasting intact proinsulin | (PIO: -24%, p < .001
28 PIO versus GLIM controlled (T2DM) 24 weeks versus baseline; GLIM: -1.4%, n.s.)
randomized
29 PIO: add-on to prospective N =54 26 weeks Proinsulin/insulin ratio | (from 0.89 to 0.66,
MET + SU open label (T2DM) p < .001 versus baseline)
Postprandial intact proinsulin |
PIO + PBO prospective N =125 PIO mono: from 29.5 + 21.4 to
30 versus SIM + double-blind Patients without 12 weeks 221 = 17.5 pmol/liter (p < .01 versus baseline);
PBO versus controlled diabetes and at high PIO + SIM: from 24.3 + 27.4 to
PIO + SIM randomized cardiovascular risk 21.1 + 16.5 pmol/liter (p < .05);
SIM mono: no significant change
ATOR + PBO prospective N = 148 Fasting intact proinsulin ({) ATOR + PBO:
31 versus ATOR + double-blind Patients without 24 weeks from 6.4 + 0.8 to 5.9 + 0.5 pmol/liter (n.s.)
controlled diabetes and at high ATOR+PIO: from 6.3 + 0.8 to 5.3 + 0.5 pmol/liter
PIO . . ) -
randomized cardiovascular risk (p = .07 versus baseline)
prospective
double-blind N =22 Fasting and postprandial proinsulin |;
32 PIO versus GLIB controlled (T2DM) 20 weeks no significant change with GLIB
randomized
Add-on to MET prospectllve
L double-blind N =299 . .
33 + SU or glinide: 28 weeks Proinsulin | versus PBO
controlled (T2DM)
PIO versus PBO .
randomized
Patients were N = 75 (out of 98)
34 switched from prospective completed (T2DM 24 weeks Intravenous glucagon test: C-peptide / intact
insulin to open label with residual beta-cell proinsulin ratio 1 (5.2% in completers)
PIO + GLIM function)
PIO + MET prospective Insulin infusion reduced fasting intact proinsulin
35 after short-term open label N =14 16 weeks (-46%); this effect was maintained during
insulin infusion (pilot study) PIO + MET
PIO + GLIM prospective Fasting intact proinsulin | (from 12.4 = 10.3 to
double-blind N =82 oo N
36 versus GLIM up- 24 weeks 7.6 = 4.8 pmol/liter; p < .05 versus baseline);
e controlled (T2DM) L . o
titration ) no significant change with GLIM up-titration
randomized
4 ATOR, atorvastatin; GLIB, glibenclamide; GLIM, glimepiride; MET, metformin; mono, monotherapy; n.s., not significant; PBO, placebo;
PIO, pioglitazone; SIM, simvastatin, SU; sulfonylurea
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We realized a decrease of carotid intima-media thickness
by pioglitazone but not glimepiride treatment (p < .0001),
despite similar improvements in metabolic control. This
effect was correlated with improved insulin sensitivity
(r = 0.29; p = .0003) and levels of the intact proinsulin
molecule (r = 0.22; p = .006).”

The double-blind, parallel PIOGLIM (pioglitazone and/or
glimiperide in diabetes therapy) trial investigated the impact
of adding pioglitazone to glimepiride (up-titration to
45 + 4 mg) in comparison to up-titrating the glimepiride
dose alone (up-titration to 6 mg). We involved 82 T2DM
patients who had been inefficiently treated with a low-
dose glimepiride monotherapy. During the 6-month
observation period, a significant improvement in IR
(HOMA-IR) and intact proinsulin values were documented
for the pioglitazone plus glimepiride group (p < .05
each) but not for optimized glimepiride monotherapy.
The number of patients with later stage beta-cell dysfunction
(as indicated by elevated fasting intact proinsulin levels
and/or a HOMA-IR value > 2) was significantly reduced
by the combination therapy (from 96% to 75%, p < .05),
while it remained unchanged in the glimepiride up-
titration group (100% at baseline and endpoint).?

Insulin Treatment Followed by Pioglitazone Therapy

In our PIOSWITCH (pioglitazone allows a switch back
from insulin to OAD) study, we reconverted 98
T2DM patients with residual beta-cell function from
insulin therapy to oral treatment with pioglitazone and
glimepiride. During a 6-month follow-up, 23 patients were
prematurely terminated because of an increase in HbAlc
from baseline > 0.5% or other reasons. In 75 patients
(76%, completers), no deterioration of glucose metabolism
occurred. After switching from insulin therapy, the
completer group demonstrated improvements in the
quality of beta-cell secretion product as measured by the
C-peptide-to-proinsulin ratio. Serum intact proinsulin
levels had been assessed in the fasting state by means of
an intravenous glucagon stimulation test.3*

A pilot study with 14 T2DM patients [PIOMET
(pioglitazone and/or metformin in diabetes therapy)]
examined the efficacy of short-term intravenous insulin
intervention followed by oral pioglitazone and metformin
therapy to prevent patients from continuous insulin
application. Initially, an in-patient 34 h continuous
intravenous insulin infusion was performed and metformin
was given. We stopped insulin and added pioglitazone
at the second in-patient day. Participants were followed

for an additional 4 months. Our results demonstrated
that a beneficial effect of a short-term intravenous insulin
application on glycemic control could be effectively
maintained by pioglitazone plus metformin treatment.
A 46% decrease in fasting intact proinsulin levels during
insulin infusion therapy (p < .05) indicated a significant
improvement of beta-cell function. This effect could be
maintained with pioglitazone plus metformin treatment.®

Research in Individuals without Diabetes and at
High Cardiovascular Risk

In nondiabetic patients at cardiovascular risk, treatment
with pioglitazone did not significantly change fasting
intact proinsulin levels. Interestingly, this was opposed
by a pronounced reduction of the postprandial increase
in intact proinsulin as measured during a standardized
oral glucose load.*® In the double-blinded PIOSTAT
(pioglitazone and statin therapy for reduction of inflam-
matory disease) study, we randomized 125 individuals
without diabetes to pioglitazone, pioglitazone and
simvastatin, or simvastatin alone. Glucose, insulin, and
intact proinsulin levels were measured, subsequent to an
oral glucose load. In contrast to the only moderately
elevated intact proinsulin levels at baseline (upper
normal limit), a remarkable increase in this marker could
be observed after the oral glucose challenge. Although
fasting intact proinsulin concentrations remained
unchanged, the increase in postprandial intact proinsulin
levels turned out to be significantly reduced during
pioglitazone and pioglitazone plus simvastatin treatment.
No such effect was seen with simvastatin monotherapy.*

Another trial [PIOVASC (pioglitazone and vascular
function)] investigated the impact of atorvastatin mono-
therapy and combined treatment with atorvastatin and
pioglitazone. We randomized 148 patients without diabetes
and monitored fasting plasma levels of intact proinsulin
over 6 months. At baseline, proinsulin values were within
the upper normal range. Addition of pioglitazone to
atorvastatin resulted in a tendency toward further reduction
in fasting intact proinsulin levels (p = .07). The biomarker
remained unchanged with atorvastatin treatment alone.!

Results with Other Insulin-Sensitizing
Strategies and Insulin Therapy

Current evidence for rosiglitazone, the other thiazo-
lidinedione drug, supports the pronounced benefit of
insulin-sensitizing therapy on beta-cell function and
beta-cell processing of the proinsulin molecule.¥-43
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Diet* exercise,®® and metformin therapy***” have been
shown to decrease IR and proinsulin levels in T2DM
patients as well, though to a lesser extent than with
thiazolidinedione treatment. In contrast to insulin-
sensitizing strategies, sulfonylureas have been reported

not to change or to increase plasma proinsulin
values.26:2831,36,38,41,48-50

Preliminary studies revealed that the fasting proinsulin
serum concentration was significantly higher in T2DM
patients treated with sulfonylureas than in a well-matched
group receiving insulin only* One of our studies
explored the immediate effect of supplementary insulin
treatment on beta-cell function in 20 T2DM patients with
glimepiride monotherapy. The patients were randomized
either to continue with their oral treatment or to switch
to a fixed-dose supplementary insulin application.
Oral glucose tolerance tests after drug uptake were
performed at days 7 and 14, with measurement of intact
and total proinsulin. Significant reductions from baseline
were seen in the supplementary insulin therapy
group for the fasting and postprandial values of intact
proinsulin, while no changes occurred at all in the
sulfonylurea group.*

Conclusions and Summary

Available study data suggest that fasting intact
proinsulin is a reliable and robust biomarker for beta-
cell dysfunction, IR, and cardiovascular risk in T2DM
patients. Measurement of serum intact proinsulin levels
with the new specific assays allows for a staging of
T2DM according to impaired beta-cell secretory capacity.
This classification may help to select and optimize
daily therapy of the individual patient. Elevated intact
proinsulin values indicate an advanced stage of beta-cell
exhaustion. Given the close relation between beta-cell
function and insulin sensitivity, measurement of intact
proinsulin has also been identified as a very specific
indirect marker for clinically relevant IR in individuals
with and without diabetes.

While drugs enhancing insulin secretion can be used in
earlier stages of T2DM (stages I and II), their application
in beta-cell dysfunction stage IIla or IIIb should not
be recommended, because further proinsulin secretion
may result in an increased cardiovascular risk. Insulin-
sensitizing strategies and insulin, by contrast, reduce the
pancreatic beta-cell load. For example, treatment with
the oral insulin-sensitizing agent pioglitazone resulted
in a pronounced decrease of elevated proinsulin values
and improved cardiovascular risk profile, while the

levels remained high during sulfonylurea therapy. It is
important to understand that this pathophysiological
phenomenon is independent from glucose control, which
is to date the commonly accepted therapeutic target.
Currently, lateral-flow-based point-of-care rapid tests
are under development (IR2Dx Inc., Moraga, CA), which
allow for determination of the critical cut-off value
(11 pmol/liter in Caucasians). Their availability may be
useful for a broader use of this robust biomarker in
treatment selection and monitoring of T2DM.

In conclusion, fasting intact proinsulin, as measured
by means of the new stable chemiluminescence or
ELISAs, serves as an interesting diagnostic tool for both
selection of an appropriate therapy and monitoring of
treatment success in patients with T2DM. A decrease in
proinsulin concentrations by beta-cell protective therapeutic
approaches may be considered a worthwhile target of
modern diabetes treatment.
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