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Abstract

Background: Elevated fasting intact proinsulin is a biomarker of late-stage B-cell-dysfunction associated with clinically
relevant insulin resistance. In this pilot investigation, we explored the potential value of measuring intact proinsulin as a
functional predictor of B-cell exhaustion during an oral glucose tolerance test (OGTT).

Methods: The study was performed with 31 participants, | | of whom were healthy subjects (7 female, age: 59 + 20 years),
10 had impaired glucose tolerance (IGT, 6 female, 62 + 10 years), and 10 had known type 2 diabetes (T2DM, 5 female,
53 + || years, HbAlc: 7.0 £ 0.6%, disease duration: 8 + 5 years). During OGTT, blood was drawn after 0 hours, | hour,
and 2 hours for determination of glucose and intact proinsulin. Five years later, patients were again contacted to assess their
diabetes status and the association to the previous OGTT results was analyzed.

Results: The OGTT (0 hours/| hour/2 hours) results were as follows: healthy subjects: glucose: 94 + 8 mg/dL/140 + 29 mg/
dL/90 + 24 mg/dL, intact proinsulin: 3 £ 2 pmol/L/10 £ 7 pmol/L/10 £ 5 pmol/L); IGT: glucose: 102 £ 9 mg/dL/158 + 57 mg/
dL/149 £ 34 mg/dL, intact proinsulin: 7 £ 4 pmol/L/23 + 8 pmol/L/28 £ 6 pmol/L; T2DM: glucose: 121 + 20 mg/dL/230 + 51
mg/dL/213 + 34 mg/dL; intact proinsulin: 7 £ 7 pmol/L/26 + 9 pmol/L/27 + 10 pmol/L). Five years later, all of the IGT and 2
of the healthy subjects had developed T2DM and one had devloped IGT. All of them had elevated 2-hour proinsulin values
in the initial OGTT, while patients with normal intact proinsulin results did not develop diabetes.

Conclusions: Elevated 2-hour intact proinsulin levels during OGTT were predictive for later type 2 diabetes development.
Further studies need to confirm our findings in larger populations.
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To date, about 40-50% of the US and EU population is over-
weight and is presenting with a measurable insulin resis-
tance. A significant minority of this group will further
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proceed into development of type 2 diabetes,' with increased
risk of macrovascular complications.”” Type 2 diabetes has a
genetic background but the age of disecase manifestation is
substantially influenced by lifestyle and culture. Family his-
tory and waist circumference are cheap and easy measures to
identify patients at risk of diabetes development.* However,
daily practice shows that many patients are reluctant to mod-
ify their lifestyle, for example, by performing more exercise,
based on the knowledge of a theoretical risk. When finally
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glucose metabolism starts to deteriorate into impaired glu-
cose tolerance, macrovascular disease is frequently already
present, and the patients are at increased risk of cardiovascu-
lar death.” It might therefore be helpful to identify an early
biomarker of diabetes development that indicates the onset
of diabetes development prior to glucose deterioration. Such
a biomarkers should be representative for the underlying dis-
ease causes, and—in a best case scenario—should also indi-
cate an improvement of the metabolic condition, if
appropriate lifestyle measures are taken by the patient.

Type 2 diabetes is characterized by a genetically driven
dysfunction of the pancreatic B-cells, insulin resistance, and
a high endocrine activity of the visceral lipid tissue.
Adipokines are therefore among the biomarker candidates.
However, they are also deteriorated in obese patients that do
not develop diabetes. Genetic biomarkers might be helpful to
identify the disease candidates, but do not provide informa-
tion regarding the age of disease manifestation. We were
therefore investigating functional proteins associated with
B-cell function and insulin resistance with respect to their
capability to indicate disease onset.

Earlier studies suggested that elevated proinsulin and dis-
proportionate levels of the des31,32-proinsulin intermediate
are viewed as symptoms of a functionally compromised
B-cell, most often arising from the over-stimulation of
chronic hyperglycemia or in later disease stage from thera-
peutic intervention.”” Intact proinsulin, the uncleaved insu-
lin precursor protein, has a half-life of only few minutes and
can be used as an indicator of actual B-cell function when
measured with a highly specific test.'” We have been able to
demonstrate that elevated fasting morning intact proinsulin
is a highly specific indirect indicator for insulin resistance."
We have also used intact proinsulin as a marker to describe
the impact of different treatment interventions on the disease
pathology to help to identify drugs that are not just lowering
glucose, such as sulfonylurea drugs,'” but have additional
beneficial effects on the underlying disease conditions, such
as early insulin, glitazones, or GLP-1 based therapies.'*"°

In this pilot study we determined the time course of
plasma levels of glucose and intact proinsulin in the first 2
hours after an oral glucose tolerance test (OGTT) in healthy
subjects, patients with impaired glucose tolerance, and
patients with type 2 diabetes to investigate the functional
capacity of the B-cells. Approximately 5 years later, patients
were contacted again to assess their diabetes state in light of
the previous OGTT results.

Patients and Methods

This study was approved by the responsible Ethics Committee
of the State of Rheinland-Pfalz, Germany, and was per-
formed in accordance with the guidelines of good clinical
practice. After giving written informed consent, healthy sub-
ject, patients with known impaired glucose tolerance and
patients with type 2 diabetes on diet and/or metformin

monotherapy were included into the study. All participants
had to have a BMI > 25 kg/m”, and the diabetes patients had
to have an HbAlc value below 8.0%. They arrived at the
study site in the morning after an overnight fast. Blood was
drawn for glucose, insulin and intact proinsulin determina-
tion and they ingested 75 g of glucose in a 250 mL drink.
Further blood draws were performed after 1 hour and after 2
hours, and patients were discharged when the blood glucose
levels had returned to values below 180 mg/dL. The samples
were centrifuged at approximately 1500 x g for 10 minutes at
4°C and the supernatant was immediately stored at —20°C
until measurement.

Laboratory Analyses

A standard glucose oxidase reference method was used for
measurement of capillary blood glucose levels (YSI Stat
2300, Yellow Springs, OH, USA). Insulin was measured
using a chemiluminescence immunoassay (Invitron, Cardiff,
UK). Intact proinsulin was analyzed by means of a specific
ELISA method (TecoMedical, Sissach, Switzerland). Next to
assessment of insulin resistance by intact proinsulin secre-
tion as published previously,'" homeostatic model assess-
ment (HOMAIR) score calculation was applied as a second
measure for insulin resistance analysis'” in patients with nor-
mal B-cell function (ie, normal intact proinsulin values). The
estimate of insulin resistance by HOMA _ score was calcu-
lated with the following formula: fasting serum insulin (pU/
ml) x fasting plasma glucose (mmol/l) / 22.5. As described
by Hedblad et al, patients with HOMA _ score values exceed-
ing the 75th percentile of a nondiabetic population (ie, 2.0)
were considered to have insulin resistance.'®

Follow-Up Visit After 5 Years

The initial OGTT experiments were performed in the first
quarter of 2008. In the first quarter of 2013, all nondiabetic
and IGT patients were recontacted by the investigative site
and invited for a personal interview. They were asked to
bring their most recent laboratory results with them and the
diabetes state of the patients was assessed.

Statistical Analysis

All analyses were performed in an exploratory sense with
appropriate parametrical and nonparametrical methods. The
difference between the 3 groups was assessed by using #-test
statistics. All P values < .05 were interpreted as statistically
significant.

Results

A total of 31 patients participated in the OGTT experiments.
Eleven participants were healthy subjects (7 female, age: 59
+ 20 years, BMI: 28.8 + 3.2 kg/m?, HbAlc: 5.3 = 0.3%), 10
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Figure |. Results of the glucose assessments during the oral
glucose tolerance tests. Error bars were left out for better
readability (standard deviations are provided in Table I).

had an established impaired glucose tolerance (IGT, 6
female, age: 62 % 10 years, BMI: 31.2 + 6.1 kg/m’, HbAlc:
5.8 £ 0.3%) and 10 were known to have type 2 diabetes and
were treated with diet or metformin monotherapy (5 female,
age: 53 + 11 years, BMI: 34.1 + 5.4 kg/m* HbAlc: 7.0 +
0.6%).

The glucose values obtained during the OGTT were con-
firming the clinical diagnosis obtained from the patients on
inclusion into the study. The glucose results are depicted in
Figure 1 and Table 1. The insulin results showed a lower
insulin response for the healthy subjects. The highest insulin
concentrations were seen in the IGT group after 1 hour and 2
hours, while insulin was only moderately increased in the
diet and/or metformin treated diabetes patients (see Figure 2
and Table 1). The mean intact proinsulin levels stayed below
the normal fasting reference value (11 pmmol/L) in the
healthy subjects during the entire experiment but increased
to 2.5-fold higher concentrations simultaneously after 1 hour
and 2 hours in the IGT and the diabetes group (Figure 3 and
Table 1). All diabetes patients and all IGT patients had an
intact proinsulin level after 2 hours above 15 pmol/L. From
the healthy subjects, 4 individuals presented with elevated
proinsulin values after 2 hours (14.6-17.8 pmol/L). The
HOMA  score calculation revealed values of 1.7+ 0.8 in the
healthy subjects, 3.1 £ 1.4 in the IGT group (P < .01 vs con-
trol) and 5.8 + 3.5 in the type 2 diabetes group (P <.005 vs
control and P < .05 vs IGT).

In the follow-up visit after 5 years, it was possible to
obtain information from 9 IGT patients (90%) and 9 healthy
subjects (82%). The other 2 patients were lost to follow-up.
All former IGT patients had in the meantime developed overt
type 2 diabetes and were on oral treatment. From the healthy
subjects, 2 had developed type 2 diabetes and 1 patient was in
the state of impaired fasting glucose tolerance. When compar-
ing with the prior OGTT results, all 3 patients had presented
with elevated 2 hours intact proinsulin in the test 5 years ago.

In contrast, the individual insulin concentrations, the glucose
concentrations, and the proinsulin/insulin ratio were not
indicative for the diabetes development (data not shown).
The fourth patient with prior elevated 2-hour intact proinsu-
lin levels was 1 of the lost-to-follow-up patients and could
not be analyzed.

Discussion

With the introduction of new immunoassays that are specific
for the uncleaved intact proinsulin molecule, a new diagnos-
tic tool for B-cell function assessment became available
about a decade ago.'”" Fasting intact proinsulin has
been established as a highly specific marker for insulin
resistance,'”” and can be used in combination with the
HOMA-score to stage B-cell dysfunction independently from
glycemic control.**! Intact proinsulin lowers blood glucose
however with a lower efficacy than insulin and is known to
stimulate adipokine secretion from the visceral adipose
tissue.”' It, for example, induces PAI-I secretion, resulting in
a higher risk for macrovascular events independently from
glycemic control.” Elevated levels of intact proinsulin in
nondiabetic patients are associated with a 3-times-higher
cardiovascular mortality.> An attempt to develop proinsulin
as an antidiabetic drug was abandoned in the 1980s, because
of the unexpected appearance of several cardiovascular
events in the proinsulin arm of a phase II comparator study
versus insulin in patients with early stage type 1 and type 2
diabetes.”

In our study we included intact proinsulin into the proto-
col of a diagnostic OGTT. The concentrations increased in
diabetes patients and subjects with impaired glucose toler-
ance within the first 2 hours as an indication of B-cell exhaus-
tion in the course of the glucose challenge, while only a
minimal increase was seen in the control group of healthy
subjects. These results may represent the dynamic situation
of the compromised B-cell especially in the state of impaired
glucose tolerance. They show that patients with impaired
glucose tolerance are not different from overt diabetes
patients with respect to -cell dysfunction and put in our
opinion a question mark to the current diagnosis of diabetes
solely based on glucose and the surrogate marker HbAlc.
This finding is also independent from the BMI, which was
much higher in the diabetes patients than in the IGT group.

When we were able to reassess the diabetes patients 5
years later, it turned out that those normal individuals that
had developed diabetes in the meantime were the ones with
the elevated intact proinsulin levels in the prior OGTT. It
appears logical that a pancreas that shows a dynamic indica-
tion of temporary exhaustion, when challenged by oral glu-
cose uptake, represents a higher probability for diabetes
development than a normally functioning organ. Our results
are in line with previous studies performed almost 20 years
ago with less specific assays, jointly measuring intact proin-
sulin and its specific and unspecific cleavage products that
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Table I. Mean Plasma Glucose, Insulin, and Intact Proinsulin Concentrations During the Oral Glucose Challenge Tests.

Parameter Healthy subjects Impaired glucose tolerance Type 2 diabetes
N 10 10 10
Glucose (mg/dL)
0 hours 94 + g*° 102 £9° 121 £20
| hour 140 + 29° 168 + 57° 230+ 51
2 hours 90 + 24°° 150 + 34° 213 + 34
Insulin (MU/mL)
0 hours 72435 124 +55° 188+ 10.2
| hour 45.3 + 33.5% 106.8 + 31.6° 66.4 £ 29.6
2 hours 24.0 + 17.6*° 113.6 £ 1147 533+124
Intact proinsulin (pmol/L)
0Oh 3.+ 1.9 6.1 +4.1 73270
I h 10.3 + 6.8*° 22.6 £ 8.1 255+88
2h 10.2 + 5.2*° 278159 26.7 £ 10.1
P < .05 vs IGT group. °P < .05 vs T2D group.
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Figure 2. Results of the insulin assessments during the oral
glucose tolerance tests. Error bars were left out for better
readability (standard deviations are provided in Table ).

have a much longer plasma stability than the original mole-
cule alone (further referred to as “total” proinsulin tests). In
a study by Inoue et al with a design similar to our investiga-
tion with 51 patients, subjects with a higher 120-min total
proinsulin response to glucose during the initial OGTT
showed a significant correlation with increased fasting
plasma glucose levels after a 2.5-year follow-up period and
developed type 2 diabetes. The authors concluded that this
finding suggest that the proinsulin response to glucose load-
ing might be a useful indicator for predicting worsening to
diabetes in subjects with impaired glucose tolerance.”” In
another study, Kahn et al observed that diabetes development
in 87 Japanese-American patients was predicted by elevated
fasting total proinsulin levels 5 years earlier.”® A similar find-
ing was reported from a study performed in Caucasian
patients in the Netherlands. Nijpels et al followed 158
patients with impaired glucose tolerance for a period of 2

Figure 3. Results of the intact proinsulin assessments during the
oral glucose tolerance tests. Error bars were left out for better
readability (standard deviations are provided in Table ).

years. The cumulative incidence of type 2 diabetes was
28.5% The initial 2-hour postload plasma glucose levels and
the fasting total proinsulin were significantly related to the
incidence of diabetes. The authors concluded that beta-cell
dysfunction rather than insulin resistance plays the most
important role in the future development of diabetes in a
high-risk Caucasian population.”’

Despite these conclusive results, proinsulin was never
really adopted as a diagnostic marker for diagnosis and mon-
itoring of diabetes until today. The major reason may have
been the diagnostic blurriness of the results induced by the
older total proinsulin assays, which were not specific for the
dynamic B-cell secretion product. Other reasons may include
availability of the tests in local laboratories, costs, and the
additional burden to patients and health care professionals
when measuring an additional marker in daily routine. Why
may it be important to consider inclusion of intact proinsulin
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assessment into the regular OGTT procedure? First, intact
proinsulin is capable to lower blood glucose and may be a
reason for a potentially delayed diagnosis of diabetes.
Elevated 2-hour values indicating dynamic B-cell exhaustion
may be helpful for an additional diabetes risk assessment not
solely based on glucose levels, and to enable an earlier and
thus more likely to be efficient prevention. Second, elevated
intact proinsulin induces an elevated macrovascular risk. The
2-hour intact proinsulin value may also be helpful to identify
patients at higher risk for cardiovascular disease in a more
timely fashion, who may then better respond to preventive
measures. Finally, a lowering or even normalization of intact
proinsulin next to normalization of glycemic control may be
a worthwhile second treatment target in the attempt to reduce
the increased cardiovascular mortality in diabetes patients.

The major limitation of our study is the pilot character
with only 10 or 11 patients per group. Follow-up after 5 years
was only possible in 9 subjects without disturbed blood glu-
cose regulation, and 9 patients with IGT. Elevated intact pro-
insulin levels 2 hours after the ingestion of 75 g glucose were
predictive for the development of type 2 diabetes mellitus in
the group of nondiabetic obese subjects (n =9). It is not pos-
sible to draw conclusions on the predictive value of intact
proinsulin in patients with IGT because all of the IGT sub-
jects in the study developed type 2 diabetes mellitus. Despite
these limitations, we obtained clear results in line with patho-
physiological consideration and the respective literature.
Another limitation is the selection of patients with elevated
BMI only. Further studies in larger populations are now war-
ranted to confirm our findings in larger populations.

In conclusion, measurement of intact proinsulin in addi-
tion to glucose during the OGTT provided additional insight
into the state of B-cell function of the patients and identified
patients who developed type 2 diabetes in the 5-year follow-
up period. Intact proinsulin response to glucose loading
might indeed be a useful indicator for predicting worsening
to diabetes in normal subjects or subjects with impaired glu-
cose tolerance.

Abbreviations

BMI, body mass index; ELISA, enzyme-linked immunosorbent
assay; GLP-1, glucagon-like-peptide 1; HbAlc, hemoglobin Alc;
HOMA, homeostatic model assessment; IGT, impaired glucose tol-
erance; OGTT, oral glucose tolerance test; T2DM, type 2 diabetes
mellitus.
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