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Summary. Standard radioimmunoassay for insulin may sub-
stantially overestimate levels of insulin because of cross-re-
action with other insulin-like molecules. We have measured
concentrations of insulin, intact proinsulin and 32-33 split
proinsulin using two-site monoclonal antibody based immu-
noradiometric assays, and of insulin by a standard radio-
immunoassay (“immunoreactive insulin”) in 51 Type 2 (non-
insulin-dependent) diabetic subjects in the fasting state. The
relationships of these concentrations were sought with those
of total cholesterol, high density lipoprotein cholesterol, low
density lipoprotein cholesterol, triglyceride, plasminogen ac-
tivator inhibitor, blood pressure, and indices of body fat dis-
tribution. Significant relationships were apparent between
concentrations of “immunoreactive insulin” as measured by
standard radioimmunoassay and triglyceride (r;=0.42,
p < 0.001), total cholesterol (r, = 0.25, p = 0.038), high density
lipoprotein cholesterol (r, =~-0.30, p = 0.018) and body mass
index (r,=0.30, p =0.017), but only the relationships with
triglyceride (r,=0.36, p =0.006) and body mass index
(r.=0.26, p =0.034) remained significant when concentra-
tions of immunoradiometrically measured insulin were em-
ployed. Concentrations of 32-33 split proinsulin, which com-
prises the major insulin-like molecule in these subjects,
correlated positively with triglyceride (r,=0.33, p =0.009),
total cholesterol (r, = 0.23, p = 0.050), and plasminogen acti-

vator inhibitor (r,= 0.26, p =0.049), and negatively with high
density lipoprotein cholesterol (r,=-0.29, p =0.021). Con-
centrations of “immunoreactive insulin” and immuno-
radiometric assay insulin showed significant positive corre-
laion with both systolic (r.=0.24, p =0.044 and r»,=0.29,
p =0.020 respectively), and diastolic blood pressure
(r.=0.48, p <0.001 and r,=0.42, p =0.001 respectively),
while those of intact proinsulin and 32-33 split proinsulin
correlated only with diastolic blood pressure (r,=0.33,
p=0.009 and »=031, p=0.014 respectively). Using
multiple regression analysis, and including age, sex, race and
body mass index in the analyses, concentrations of intact
proinsulin and 32-33 split proinsulin, but not immuno-
radiometric assay insulin, were significantly related to dia-
stolic blood pressure. When all three molecules were incor-
porated into a single model, only 32-33 split proinsulin was
related to diastolic blood pressure (F-change =6.91, [5,43
degrees of freedom]|; p = 0.012). Thus, high concentrations of
insulin-like molecules are associated with changes in recog-
nised cardiovascular risk factors in patients with Type 2
(non-insulin-dependent) diabetes mellitus.
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Patients with Type 2 (non-insulin-dependent) diabetes
mellitus have a substantially increased risk of cardiovas-
cular disease [1], the cause of which remains unexplained.
Several studies, both in diabetic and non-diabetic sub-
jects, have demonstrated a relationship between fasting
hyperinsulinaemia and certain risk factors for cardiovas-
cular disease including raised concentrations of serum
triglycerides (TG) [2-4] and plasminogen activator inhibi-
tor (PAI-1) [3, 6], and low concentrations of high density
lipoprotein cholesterol (HDL-C). In non-diabetic sub-
jects central obesity, a recognised risk factor for coronary
artery disease and for future development of diabetes, is

also associated with hyperinsulinaemia [7, 8]. Hyperin-
sulinaemia and insulin resistance have also been sug-
gested as common links between glucose intolerance,
obesity and hypertension [9].

Using a novel two-site monoclonal antibody-based
assay, we have recently shown that a conventional
radioimmunoassay of insulin substantially overestimates
true insulin concentrations, and that two other insulin-
like molecules, namely intact proinsulin and 32-33 split
proinsulin, appear to be detected by this assay [10]. We
have demonstrated that these molecules comprise the
major components of the circulating insulin-like mole-
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Table 1. Clinical characteristics of Asian and Caucasian Type 2
(non-insulin-dependent) diabetic subjects

Asian Caucasian Significance
subjects subjects of differ-
ence (p)

Number 25 26
Age (years) 49.8 (8.9) 554 (7.5) 0.02
Gender

Male 17 12 >0.1

Female 8 14
Treatment

Diet alone 11 9 >0.5

Diet + Metformin 1 4

Diet + Sulphonylurea 10 9

Diet + both 3 4
Duration of diabetes
(years) 4 (0.5-16) 2.7 (0.75-14) 0.50
Fasting blood glucose
(mmol/l) 10.2 (3.6) 86 (2.7) 0.08
Glycated haemoglobin
(%) 9.8 (22) 86 (1.4) 0.01
Body mass index
(kg/m?) 24.0 (18.6-40.0) 272 (21.4-384)  0.04
Waist-hip-ratio 0.92 (0.06) 0.88 (0.07) 0.08
Subscapular-
triceps-ratio 123 (0.20) 132 (0.31) 0.21
Systolic blood
pressure (mm Hg) 120 (100-160) 122 (91-180) 0.34

Diastolic blood

pressure (mm Hg) 78 (64-98) 74 (51-110) 0.42

Values are expressed as mean (SD) for normally distributed data or
as median (range) for skewed data

cules in Type 2 diabetic subjects. We now report the re-
sults of a study applying this assay to fasting serum from
31 Type 2 diabetic outpatients participating in an investi-
gation of ethnic differences in cardiovascular risk factors.
The aims of this study were, firstly, to look at the con-
tribution made by intact proinsulin and 32-33 split proin-
sulin to the hyperinsulinaemia of Type 2 diabetes; sec-
ondly, to analyse the relationship of concentrations of
insulin and its precursor molecules to those of standard
cardiovascular risk factors; and thirdly, to study the con-
tribution of insulin precursor molecules to previously re-
ported differences in insulin levels in the two ethnic
groups [11-13].

Subjects, materials and methods

The study population comprised 51 Type 2 diabetic subjects (26 Cau-
casian, 25 Asian) aged between 35 and 70 years. The study popula-
tion represented a random sample of Type 2 diabetic subjects at-
tending the clinic but without clinical evidence of ischaemic heart,
peripheral vascular, or cerebrovascular disease, and with normal
electrocardiograms. All subjects had diabetes as defined by World
Health Organisation criteria [14]. All patients attended the Clinical
Investigation Unit in the Department of Diabetes and Endocrino-
logy at the Whittington Hospital, between 08.30 and 09.30 hours fol-
lowing a 12 h fast. Venous blood was taken after 15 min rest using a
number 1 serum needle without venous stasis and with minimal trau-
ma. Patients were weighed wearing light clothing and no shoes, and
skinfold measurements were performed using Holtain calipers
(Holtain Ltd., Crosswell, Crymych, Dyfed, Wales, UK), taking three
measurements of subscapular and three of triceps skinfold thickness.
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Waist and hip girth measurements were taken using a steel tape.
Waist-to-hip (WHR) and subscapular-to-triceps (STR) skinfold ra-
tios were estimated, and body mass index (BMI) was calculated
(weight in kg/height in meters?). Blood pressure was measured in the
sitting position with a mercury sphygmomanometer.

Blood glucose was analysed using a glucose oxidase method
(Beckman Analyser, Beckman Instruments, Brea, Calif., USA) and
glycated haemoglobin by electroendosmosis (Corning Ltd, Hal-
stead, Essex, UK). Immunoreactive insulin was measured using a
standard kit based on a polyclonal antibody (**I-Tyr A19 human in-
sulin RIA kit, Novo Pharmaceuticals, Basingstoke, Hants, UK). Be-
cause of our findings that this assay appears to cross-react stoi-
chiometrically with intact and 32-33 split proinsulin [10], we refer to
these results as “immunoreactive insulin” (“IRI”). Insulin, intact
proinsulin and 32-33 split proinsulin were measured using highly
specific two-site monoclonal antibody based immunoradiometric as-
says (IRMA) [15]. PAI-1 was measured using a spectrophotometric
method [16]. The results of PAI-activity were expressed as arbitrary
units-ml, one arbitrary unit of inhibitor being defined as the amount
which inhibits one international unit of tissue plasminogen activator.
Total cholesterol (Chol) and triglyceride (TG) were measured by
enzymatic methods [17,18] using an Encore analyser (Baker Instru-
ments Ltd., Windsor, Berkshire, UK). HDL-C was measured using
the same method after precipitation of VLDL and LDL using a mag-
nesium chloride/phosphotungstate reagent. Low density lipoprotein
cholesterol (LDL-C) was calculated using the Friedewald equation
[19].

The study was approved by the Ethical Committee of Islington
Health Authority.

Statistical analysis

Group differences were analysed using Student’s ¢-test for normally
distributed data and Mann-Whitney U-test for skewed data (body
mass index, systolic and diastolic blood pressure, and concentrations
of “IRI”, IRMA insulin, intact proinsulin, 32-33 split proinsulin,

Table 2. Correlation coefficients of insulin and insulin-like mole-
cules with clinical and biochemical variables in all subjects

“Immuno- TRMA

32-33split Intact

reactive  insulin proinsulin proinsulin
insulin”
Age -022 -0.06 -042° -0.32°
Body mass
index 0.30° 0260 022 0.14
Waist-hip-ratio 0.16 -0.03 0.19 0.18
Subscapular-
triceps-ratio 0.08 -002 -003 0.05
Fasting glucose 0.09 0.03 0.17 0.26*
Total Cholesterol 0.25* 017 0.23 0.21
Triglyceride 0.42¢ 036  0.33° 0.29°
HDL-Cholesterol  —0.30* -006 -029 —-0.29
LDL-Cholesterol 0.11 0.01 0.09 011
PAI-1 0.14 0.08 0.26* 0.13
Systolic blood
pressure 0.242 0.29 0.14 017
Diastolic blood
pressure 0.48° 042¢  031° 0.33°

* p<005 ° p<001; °p<0.001

All analyses were performed using Spearman rank correlation.
IRMA - immunoradiometric assay; PAI-1 — plasminogen activator
inhibitor
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Table 3. Multiple regression analysis for determinants of diastolic blood pressure in 51 Type 2 (non-insulin-dependent) diabetic subjects

Variable in model Variable added F Change (d.f.) Multiple r? Significance
Sex 0.01 (1,47) 0.0002 0.918

Sex Race 1.33 (2,46) 0.028 0.254

Sex, race Age 2.36 (3,45) 0.077 0.132

Sex, race, age BMI 4.71 (4,44) 0.166 0.036

Sex, race, age, BMI 32-33 split proinsulin ~ 6.91 (5,43) 0277 0.012

Sex, race, age, BMI, 32-33 split proinsulin IRMA insulin 0.56 (6,42) 0.287 0.457

Sex, race, age, BMI, 32-33 split proinsulin, IRMA insulin Intact proinsulin 0.31 (7,41) 0.296 0.578

JRMA -~ immunoradiometric assay

Table 4. Values of insulin, insulin-like molecules, lipids and plasminogen activator inhibitor in Asian and Caucasian Type 2 (non-insulin-de-

pendent) diabetic subjects

Asians Caucasians Significance of difference

Number 25 26

IRMA insulin (pmol/l) 45.5 (10-116) 34.0 (14-78) 0.18
Intact proinsulin (pmol/l) 23.0 (2.4-52) 134 (1.6-46) 0.07
32-33 split proinsulin (pmol/1) 66.0 (15-237) 375 (11-167) 0.01
Sum of IRMA insulin, intact proinsulin

and 32-33 split proinsulin (pmol/) 130.0 (44-372) 91.0 (33.2-285) 0.04
Immunoreactive insulin (pmol/l) 111.9 (34.2-371.8) 92.8 (56.9-260.6) 0.12
Total Cholesterol (mmol/l) 567 (1.12) 5.96 (1.13) 0.36
Triglyceride (mmol/l) 2.0 (0.5-22.4) 1.6 (0.5-10.0) 0.57
HDL-Cholesterol (mmol/l) 0.97 (0.17) 0.98 (0.20) 0.82
LDL-Cholesterol (mmol/l) 3.71 (0.90) 4.17 (1.15) 0.13
PAI-1 (AU/ml) 102 (5-51) 9.2 (4-42) 0.34

Values are expressed as mean (SD) for normally distributed data or as median (range) for skewed data. IRMA - immunoradiometric assay;

PAI-1 - Plasminogen activator inhibitor

triglyceride and PAI-1). Correlations were sought using linear re-
gression analysis for normally distributed data and Spearman-rank
correlation for skewed data. Analysis of variance was used in order
to study the independent relationship between two variables while
allowing for confounding variables. Multiple regression analyses
were performed with logarithmic transformation of the skewed
data. Values are expressed as mean (SD) for normally distributed
data and median (range) for skewed data.

Results

The patients’ characteristics are shown in Table 1. Asian
and Caucasian patients were similar in terms of treat-
ment and gender; however, the Asian patients were
younger and thinner, had longer duration of diabetes and
worse glycaemic control than their Caucasian counter-
parts.

The major insulin-like molecule was 32-33 split proin-
sulin which comprised a mean 0f 47.8% (SD 12.4% ) of the
sum of three molecules, while IRMA insulin represented
37.7% (SD 15.0%) of the sum of the molecules. In these
subjects, the concentrations of “immunoreactive insulin”
(“IRI”) using the standard radioimmunoassay, were
99.1% (SD 25.9) of the sum of the concentrations of all
three insulin-like molecules as measured by IRMA. We
have published elsewhere our findings on the cross-reac-
tivity of the “IRI” assay with intact and 32-33 split proin-
sulin, on the specificity of the IRMA assays for these in-

sulin-like molecules, and on the relationship between
these assays [10].

There were significant positive relationships between
concentrations of “IRI” and those of Chol and TG, and a
negative correlation with HDL-C (Table 2). The relation-
ships with LDL-C and PAI-1 were not significant. When
the relationships of concentrations of lipids and PAI-1
were sought with concentrations of insulin measured by
the two site monoclonal antibody, only that with TG was
significant. Concentrations of 32-33 split proinsulin corre-
lated positively with those of Chol, TG, and PAI-1 and
negatively with that of HDL-C. The relationship between
concentrations of these molecules and those of cholester-
ol, TG and PAI-1 were little affected by including sex, age,
race and body mass index in a multiple regression anal-
yses, although those with HDIL-C were weakened in such
an analysis.

Concentrations of “IRI” and IRMA insulin showed
significant positive correlations with both systolic and
diastolic blood pressure while 32-33 split proinsulin and
intact proinsulin correlated with diastolic blood pressure
only. Multiple regression analysis was used to study the in-
dependent relationships of the insulin-like molecules with
diastolic blood pressure. When concentrations of IRMA
insulin were entered into the model after age, sex, race
and body mass index, the relationship with diastolic blood
pressure was not significant (F change =2.51 [3,45df];
p =0.12), but both 32-33 split proinsulin and intact proin-
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sulin remained as significant additional determinants in
separate models (F = 4.67 [4,44df]; p =0.036 and F=4.40
[4,44df]; p = 0.042 respectively). When all three insulin-
like molecules were entered into the model, the signifi-
cance of F-change for 32-33 split proinsulin was the lar-
gest, and neither of the other molecules significantly
improved the model (Table 3). In similar analyses with
systolic blood pressure as the dependent variable, none of
the insulin-like molecules made a significant contribution
to the model when entered after age, sex, race and body
mass index.

Concentrations of 32-33 split proinsulin were higher
in the Asian than Caucasian subjects (Table 4), but when
compared using analysis of variance to include treatment,
gender and age in the analysis, these differences were no
longer significant. There was no significant effect of treat-
ment categories or gender on concentrations of any of the
insulin-like molecules.

Discussion

Hyperinsulinaemia, and insulin resistance, are associated
with elevated concentrations of TG and low concen-
trations of HDL-C in both non-diabetic and Type 2
diabetic subjects [4]. More recently hyperinsulinaemia
has been shown to be associated with increased con-
centrations of PAI-1 in obese non-diabetic subjecis
[5, 6] and also in subjects with ischaemic heart disease
[20, 21]. The mechanism by which these metabolic
changes occur are incompletely understood, but may in-
volve an effect of peripheral insulin resistance in con-
junction with a hepatic effect mediated by high portal in-
sulin concentrations. Elevated levels of insulin have also
been demonstrated in subjects with essential hyperten-
sion [22, 23].

Insulin is produced in the pancreatic Beta cell from
its precursor molecule proinsulin. During the process
of insulin secretion in normal subjects small amounts
of proinsulin are also released into the circulation.
Several studies have shown a disproportionate elevation
in circulating proinsulin concentrations in various disease
states including Type 2 diabetes [24, 25], where these
high concentrations are thought to result from the se-
cretion from the pancreas of the contents of immature
granules which contain a higher ratio of proinsulin to in-
sulin.

Recently the use of highly specific 2-site assays has
permitted the measurement of split forms of proinsulin in
the circulation {10, 15], and elevated concentrations of
32-33 split proinsulin have been reported both in non-
obese and obese subjects with Type 2 diabetes [10, 26].
The observation that both split and intact proinsulin seem
to be measured by a standard insulin radioimmunoassay
suggest that hyperinsulinaemia demonstrated in some of
the studies of subjects with Type 2 diabetes [4,27, 28] may
have resulted from overestimation of concentrations of
insulin by cross-reactivity with other insulin-like mole-
cules, in particular 32-33 split proinsulin.

In this study, we have confirmed our previous obser-
vation that the insulin concentrations of Type 2 diabetic
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subjects are exaggerated by the use of conventional
radioimmunoassays, with two thirds of the concentra-
tions of “IRI” comprising intact and 32-33 split proin-
sulin. We have also shown that the relationships between
concentrations of “IRI” and of total and HDL-choleste-
rol in this study population were no longer significant
when concentrations of IRMA insulin were used in the
analyses, suggesting that the relationships with “IRI” are
a reflection of the correlations found between these con-
centrations and those of intact and split proinsulin which
were cross-reacting in this standard radioimmunoassay.
We have been unable to demonstrate any relationships of
“IRI” or IRMA insulin with PAI-1, while 32-33 split
proinsulin did show a significant relationship with PAI-1.
Moreover, while levels of all the insulin-like molecules
related to diastolic blood pressure, that of 32-33 split
proinsulin appeared to be the most important in multiple
regression analyses. Previous findings have suggested
that hyperinsulinaemia may correlate with both systolic
and diastolic blood pressure [22, 29-31], but we found no
independent association with systolic blood pressure in
this population. It should be noted, however, that there
was a low prevalence of hypertension in this population
and thus the range of blood pressure readings was nar-
Tow.

Even though intact proinsulin and 32-33 split proin-
sulin are the major circulating insulin-like molecules in
the Type 2 diabetic subjects studied here, the relation-
ships we have found do not necessarily signify a cause
and effect relationship with cardiovascular risk factors.
We would, however, like to speculate on a possible
underlying metabolic basis for these relationships. Intact
proinsulin in rat lymphocyte, adipocyte and hepatocyte
systems shows receptor binding which is of the order of
0.5-2.0% of that of insulin [32]. However, metabolic
studies in human subjects have demonstrated that intact
proinsulin appears to exert a more profound metabolic
effect than the in-vitro studies would suggest, with
around 12% of the biological activity of insulin on sup-
pression of hepatic glucose output [33] and 20% of the
action of insulin in stimulating PAI-1 synthesis in isolated
liver tumour cells [34]. Receptor binding studies suggest
that 32-33 split proinsulin has five-fold greater affinity
than intact proinsulin in isolated rat cell models [32].
Thus, if the molar ratio of 32-33 split proinsulin to insulin
in Type 2 diabetes is 2:1, split proinsulin might in theory
have approximately equal, or even greater, metabolic in-
fluence compared with insulin in such patients, particu-
larly on hepatic metabolism.

Recently, hyperinsulinaemia has been implicated in
the cation transport abnormalities that characterise
hypertension, obesity and glucose intolerance [35], per-
haps through its action on the Na*/H " exchange [36]. In-
sulin leads to renal sodium retention [37] and may also
have a stimulating effect on the sympathetic nervous sys-
tem [38]. Our findings, that 32-33 split proinsulin corre-
lates with levels of diastolic blood-pressure in these
Type 2 diabetic subjects, suggest that this molecule may
have similar actions to insulin on the renal tubule or the
sympathetic nervous system, but such speculation would
require experimental confirmation.
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In conclusion, the elevated concentrations of intact
proinsulin and 32-33 split proinsulin in subjects with
Type 2 diabetes [26] are associated with deleterious
changes in levels of recognised cardiovascular risk
factors. It is suggested that previously described associ-
ations between hyperinsulinaemia and elevated levels
of cardiovascular risk factors in Type 2 diabetes may be
a consequence of elevated concentrations of these in-
sulin-like molecules. Hyperinsulinaemia has also been
linked to an increased incidence or prevalence of cardio-
vascular disease, both in population studies and in groups
of non-diabetic subjects at high risk of cardiovascular dis-
ease [13, 39-41]. Reaven has introduced the concept of
Syndrome X, a combination of glucose intolerance,
hyperinsulinaemia, increased VLDL-TG, decreased
HDL-C and hypertension, with insulin resistance pro-
posed as the common factor for these related variables
[42]. It remains to be seen whether elevated concentra-
tions of proinsulin-like molecules are also relevant to
determining the concentrations of these variables in non-
diabetic subjects.
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