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Summary. Plasma insulin, intact proinsulin and 32-33 split 
proinsulin measured by specific immunoradiometric assays 
and insulin and C-peptide measured by radioimmunoassay 
were measured during a constant infusion of glucose test in 
ten diet-treated subjects with a history of Type 2 (non-in- 
sulin-dependent) diabetes (termed diabetic subjects), mean 
fasting plasma glucose 6.0+ 1.0 mmol/1 (mean _+ SD), and 
12 non-diabetic control subjects. Immunoreactive insulin 
concentrations measured by radioimmunoassay were 33 % 
higher than insulin and 16 % higher than the sum of insulin 
and its precursors by immunoradiometric assay. The diabetic 
and non-diabetic subjects had similar fasting concentrations 
of insulin, intact proinsulin and 32-33 split proinsulin. The 
ratio of fasting intact proinsulin to total insulin was greater in 
the diabetic than the non-diabetic group 12.0 % (6.8-21.0 %, 
1 SD range) and 6.3% (4.0-9.8%), respectively, p < 0.01), 
though the groups overlapped substantially. After glucose 
infusion, diabetic and non-diabetic subjects had similar in- 
tact proinsutin concentrations (geometric mean 4.9 and 

5.2 pmol/1, respectively), but the diabetic group had impaired 
insulin secretion by immunoradiometric assay (geometric 
means 55 and 101 pmol/1,p < 0.05) or by radioimmunoassay 
C-peptide (geometric means 935 and 1410 pmol/1, p < 0.05), 
though not by radioimmunoassay insulin (87 and 144 pmol/1, 
p = 0.12), respectively. Individual immunoradiometric assay 
insulin responses to glucose expressed in terms of obesity 
were subnormal in nine of ten diabetic subjects. Radioimmu- 
noassay insulin and C-peptide gave less complete discrimina- 
tion (subnormal responses in six of ten and eight of ten, re- 
spectively). Thus, raised proinsulin and proinsulin:total 
insulin ratio are not necessarily a feature of mild diet-treated 
Type 2 diabetic patients with subnormal insulin responses to 
glucose. 

Key words: Proinsulin, split proinsulin, immunoradiometfic 
assay, Type 2 (non-insulin-dependent) diabetes mellitus, im- 
paired Beta-cell function. 

Plasma concentrations of proinsulin have been shown to 
be raised in some subjects with insulinomas [1], Type 2 
(non-insulin-dependent) diabetic subjects [2-4] and non- 
diabetic subjects under corticosteroid stress [5], and raised 
plasma concentrations of the partially processed product 
32-33 split proinsulin have also been found in Type 2 
diabetes [6]. Due to the non-specificity of some conven- 
tional insulin radioimmunoassays (RIA), cross-reaction 
with intact proinsulin and 32-33 split proinsulin may lead 
to overestimation of true insulin concentrations [6, 7]. 
Highly specific and sensitive monoclonal antibody based 
two-site immunoradiometric assays (IRMA) have recent- 
ly been described for plasma insulin, intact proinsulin, 32- 
33 split proinsulin and 65-66 split proinsulin [8]. These as- 
says may be of particular use in the determination of 
Beta-cell function in Type 2 diabetic subjects. Plasma im- 
munoreactive insulin concentrations in obes~ Type 2 
diabetic subjects have been reported to be higher than in 

non-diabetic subjects. Using these specific assays it is 
possible to determine whether in Type 2 diabetes there 
are specific abnormal proportions of insulin precursor 
peptides which might suggest differences in proinsulin to 
insulin conversion or which might be of diagnostic use. 

The contribution of intact and split proinsulin concen- 
trations to the immunoreactive insulin as measured by a 
conventional polyclonal RIA can cause significant over- 
estimation of plasma insulin concentrations in newly-di- 
agnosed Type 2 diabetic subjects [6], and in an unselected 
group of white Caucasian and Asian Type 2 diabetic sub- 
jects [7]. Reduction of plasma glucose concentrations by 
diet has been shown to reduce the ratio of fasting proin- 
sulin:total insulin [4, 9], but whether these abnormalities 
are also present in subjects with a history of Type 2 
diabetes but with minimal hyperglycaemia on a weight- 
maintaining diet has not been determined. This group is of 
interest since it has been suggested that an abnormal in- 
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Table 1. Subject characteristics 

Type 2 diabetic Non-diabetic 

n 10 12 
Sex (male :Iemale) 9:1 5: 7 
Age (years) 57 _+ 5 56 -+ 5 
BMI (kg. m-2) 26.2 + 2.8 24.7 _+ 2.8 
Fasting plasma glucose (mmol/1) 6.0 + 1.0 4.8 _+ 0.4 

Data are presented as mean _+ 1 SD 

tact proinsulin:insulin (PI) ratio may be an early charac- 
teristic of Type 2 diabetes [10]. While fasting plasma glu- 
cose in such individuals may in fact be strictly non- 
diabetic, they represent a group in whom the primary 
propensity to develop diabetes is less likely to be obscured 
by secondary effects of hyperglycaemia. We have there- 
fore studied the insulin and proinsulin responses to a con- 
stant low-dose glucose infusion in a group of subjects with 
a history of Type 2 diabetes and minimal hyperglycaemia 
on diet treatment alone (for simplicity referred to hence- 
forth as Type 2 diabetic subjects) and in a matched group 
of non-diabetic subjects, using both specific IRMA meth- 
ods [8] and a sensitive, but less specific RIA method [11]. 

Subjects, materials and methods 

Subjects 

Ten subjects with a history of Type 2 diabetes were studied. At diag- 
nosis, all had been diabetic by World Health Organisation (WHO) 
criteria with fasting plasma glucose greater than 7.8 mmol/1 (means 
+ SD 12.5 + 3.5 mmol/1, range 7.9-17.3 mmol/1). Diabetes at diag- 
nosis had not been associated with an acute infection, endocrinologi- 
cal condition or pregnancy. Body mass index (BMI) at diagnosis was 
28.4 +3.9 kg.m -2, range 23.4-36.9 kg.m -2. After a period of diet 
treatment (5.0 + 2.8 years, range 0.4-10 years) during which subjects 
lost median 6 %, (range + 18 to - 2 %) of their body weight, all had 
a fasting plasma glucose concentration below 8 mmol/1. They were 
compared with 12 age- and obesity-matched non-diabetic subjects 
(Table 1). In addition, eight first degree relatives of Type 2 diabetic 
patients were studied of which four were male and four female, me- 
dian age 57 years (range 47-62 years), BMI 23.9 + 3.2 kg. m z. To 
show the normal relationship between Beta-cell function and 
obesity over a wider range than in the matched non-diabetic sub- 
jects, a further 16 non-diabetic subjects, five male and eleven female, 
mean age 43 + 4 years, BMI 23.0 -+ 2.3 kg. m 2, were included in Fig- 
ure 1, and in the calculation of the regression between insulin - glu- 
cose response and obesity. 

Protocol 

Subjects were studied after an overnight fast. Cannulae were in- 
serted into an ante-cubital vein for infusions and an ipsilateral wrist 
or hand vein for taking blood samples, which were arterialised by 
heating the arm. Each subject had a constant 5 mg. kg ideal body 
weight (IBW)-~.min -1 glucose infusion for 60 min. IBW was as- 
sessed from median frame of the Metropolitan Life Tables 1959 [12]. 
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Fig.1. Glucose-stimulated insulin responses during the glucose in- 
fusion as assessed by the insulin-glucose slope, using immunoradio- 
metrically assayed insulin (IRMA) (top panel), radioimmunoassay 
(RIA) insulin (middle panel) and the C-peptide - glucose slope (bot- 
tom panel), plotted against body mass index (BMI) in 10 Type 2 
(non-insulin-dependent) diabetic subjects (A)  12 age and obesity 
matched non-diabetic subjects ( © ), 16 other non-diabetic subjects 
( ~ )  and eight first degree relatives of Type 2 diabetic subjects ( + ). 
The upper lines in each panel represent the regression line through 
non-diabetic subjects with no family history of diabetes. The lower 
lines in each panel represent 2 SD below the regression line 

Biochemical methods 

Plasma glucose was measured with a centrifugal analyser using a 
hexokinase method (COBAS-BIO, Roche, Wehvyn Garden City, 
UK). Plasma insulin, intact proinsulin and 32-33 and 65-66 split 
proinsulins were measured by IRMA [8]. The sum of IRMA in- 

sulin, 32-33 splilt proinsulin and intact proinsulin was termed total 
IRMA. Plasma insulin was also measured by a charcoal phase sep- 
aration RIA using a laboratory guinea pig antiserum GPUR [11]. 
Plasma C-peptide was measured by a similar RIA using a Novo 
antiserum. Insulin standard was supplied by NIBSC, (Potters Bin; 
UK) mad intact and split proinsulins by Eli Lilly and Co., (Indiana- 
polis, Ind., USA). 
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Fig.2a, b. Immunoradiometricatly (IRMA) assayed insulin vs 
radioimmunoassay (RIA) insulin (a) and total IRMA insulin and 
proinsulin species vs RIA insulin (b) measured on 220 different plas- 
ma samples. Dashed lines represent line of equivalence 

Calculations 

Fasting concentrations were taken from the mean of - 5 and 0 min 
samples, and glucose-stimulated concentrations from the mean of 55 
and 60 min samples of the glucose infusion. The PI ratio was calcu- 
lated as the ratio of intact proinsulin to the sum of insulin, intact 
proinsulin and 32-33 split insulin as measured by IRMA. To assess 
the Beta-cell response, the vector slope of the insulin: glucose con- 
centrations was calculated for both IRMA and RIA bylinear regres- 
sion through the insulin-glucose pairs at -5,  0, 6, I0, 20, 55, and 
60 min samples [13]. C-peptide vector slopes were calculated simi- 
larly. Values are presented as mean _+SD, or as geometric means 
(1 SD range) for insulin, proinsulin species, C-peptide and insulin: 
glucose rector slopes. 

Statistical analysis 

Statistical significance was assessed by group t-tests, using logarith- 
mic transformation for insulin species mad C-peptide. RIA and 
IRMA estimations of insulin were compared using difference anal- 
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ysis [15]. Since the absolute difference between the assays increased 
with insulin concentration, values were transformed logarithmically, 
yielding a proportional bias quoted as geometric mean and 1 SD 
range. The coefficient of variation (CV) of assay results from con- 
secutive samples was assessed from the formula ~/(Z(st-s2)2/2n) 
(square root of the mean estimated variance from duplicates). 

Results 

Plasma glucose 

Fasting plasma glucose levels in the Type 2 diabetic sub- 
jects controlled on diet alone were significantly raised 
compared with the non-diabetic subjects (mean + 1 SD 
6.0 + 1.0 and 4.8 + 0.4 mmol/1, respectively, p < 0.01, 
Table 1), as was plasma glucose after the 60-min glucose 
infusion (10.6 +_ 1.5 and 8.8 + 0.9 mmol/1, respectively 
p < 0.05). In the first degree relatives, fasting plasma glu- 
cose was 5.0 _+ 0.4 mmol/l and after the 60-min glucose in- 
fusion test was 9.9 + 0.9 mmol/1. 

Plasma insulin 

Comparison of IRMA and RIA. Plasma insulin was 
measured by both IRMA  and RIA on 220 separate plas- 
ma samples, taken fasting and during the course of the glu- 
cose infusion. R IA  insulin correlated with IRMA insulin 
(r = 0.96), and gave higher results (133 % (101-175), 1 SD 
range) compared with IRMA  insulin (Fig. 2). R IA  insulin 
correlated with IRMA  total insulin (r = 0.97) and gave 
slightly higher results 116 % (90-149) (Fig. 2). This may be 
due to incomplete recovery in the IRMA assay [8]. Cross 
reactivity in the RIA  insulin assay with both intact proin- 
sulin and 32-33 split proinsulin standards was 100 %, and 
of 65-66 split proinsulin 50 %. 

Limitation of single plasma sample precision by biological 
variability. The intra-assay precision of IRMA and RIA 
assessed by coeficient of variation (C.V.) of duplicate 
measurements were each lower than 10 %. The precision 
of a single determination of insulin from a plasma sample 
is, however, also subject to biological and sampling vari- 
ability. The C.¥. of plasma insulin determinations by 
IRMA and RIA in repeated plasma samples at 5 min in- 
tervals was assessed in 23 subjects from the - 5  and - 
10 min fasting samples, (15.8 % and by IRMA and 16.6 % 
RIA),  and for the 55 and 60 min samples of the glucose in- 
fusion, (10.8 and 9.3 % respectively). 

Comparison of diabetic and non-diabetic plasma insulin 
by IRMA and RIA (Fig. 3). Fasting plasma insulin concen- 
trations (geometric mean and I SD range) were similar in 
the diabetic and non-diabetic subjects measured by 
IRMA (22 (11-45) and 27 (14-52)pmol/1 respectively) 
and by RIA (33 (15-71) and 31 (14-69) pmol/1, respective- 
ly). Plasma insulin after the 60-min glucose infusion was 
significantly lower in the diabetic than the non-diabetic 
subjects by IRMA (55 (34-90) and 101 (55-185) pmolfl re- 
spectively, p < 0.05), but not significantly different by RIA 
(87 (47-159) and 144 (64-324) pmol/1,p = 0.12). 



472 

'1000 

o 100 
E 
o.  

10 

5 

a 

O 

O 

o *** 

A 

A 

O • 

o 
E 
o_ v 

1000 

100 

10 

5 

b 

0 • • •  

o o 8 • 

0 A t "  
oO **** 
0o  , 

O 
O0 A • 

0 

! 

non- non- 
diabetic diabetic diabetic diabetic 

Fig.3a, b. Immunoradiometricalty assayed insulin (a) and RIA in- 
sulin (b) in 12 non-diabetic (O)  and 10 diet-treated diabetic subjects 
(A), fasting (left hand columns) and at the end of the 60-rain con- 
tinuous glucose infusion (right hand columns) 

Plasma intact proinsulin and 32-33 split proinsulin 

Plasma intact proinsulin (Fig. 4) and 32-33 split proinsulin 
concentrations were similar in the diabetic and non- 
diabetic groups, both fasting (intact proinsulin: 3.3 (1.7- 
6.4) and 2.1 (1.1-3.8)pmol/1, respectively; 32-33 split 
proinsulin: 2.0 (0.9-4.7) and 3.0 (t.5-6.0) pmol/1, respec- 
tively), and at the end of the glucose infusion, (intact 
proinsulin: 5.0 (2.0-11.8) and 4.7 (2.6-8.5) pmol/1, respec- 
tively; 32-33 split proinsulin: 4.1 (1.5-11.4) and 6.4 (3.1- 
13.6) pmol/1, respectively). The concentration of fasting 
65-66 split proinsulin was below the assay detection limit 
(5 pmol/1) and was therefore not included in the total in- 
sulin-like species. 

Proinsulins as a proportion of total insulin related 
peptides 

The PI ratio in the diabetic subjects was significantly 
greater than in the non-diabetic subjects both fasting 
(12.0 % (6.8-21.0) and 6.3 % (4.0-9.8), respectively, 
p <0.01), and at the end of the glucose infusion (7.8% 
(4.5-13.3) and 4.2 % (3.2-5.4), respectively, p < 0.01), 
though five of the ten diabetic subjects fell within the nor- 
real range. The PI ratio fell in both groups during the glu- 
cose infusion, but this was significant only in the non- 
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diabetic group (p < 0.01). There was no difference be- 
tween the diet-treated diabetic or the non-diabetic sub- 
jects in 32-33 split proinsulin when expressed as a per- 
centage of the sum of insulin, intact proinsulin and 
32-33 split insulin either fasting or after the glucose infu- 
sion. 

Plasma C-peptide 

Fasting plasma C-peptide was similar in the diabetic and 
non-diabetic groups (507 (29%860) and 499 (307- 
811) pmol/1, respectively), but at the end of the glucose in- 
fusion, plasma C-peptide was lower in the diabetic group 
(935 (632-1385) and 1410 (928-2142) pmol/1, respectively, 
p < 0.05). 

Beta-celt response assessed as insulin and C-peptide - 
glucose vector slopes 

The slope of the insulin:glucose response during the glu- 
cose infusion (vector slope) was significantly reduced in 
the Type 2 diabetic subjects compared with the non- 
diabetic subjects, both by IRMA (6.9 (3.9-12.2) and 17.9 
(9.6-33.6) pmol/mmol p < 0.01), and by RIA (12.1 (6.2- 
23.6) and 27.1 (ll.8-62.2)pmol/mmol, respectively, 
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Fig.4a, b. Intact proinsulin concentrations (a) and intact proinsulin 
expressed as a proportion of total insulin-like species (b) in 12 non- 
diabetic ( O ) and 10 diet-treated diabetic subjects (A) ,  fasting (left 
hand cohlmns) and at the end of the 60-rain continuous glucose infu- 
sion (right hand columns) 
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p < 0.05). The vector slope is significantly correlated with 
obesity [12] and this relation is shown in Figure 1. If a sub- 
normal insulin response in a subject is defined as an in- 
sulin-glucose slope less than 2 SD units below the normal 
mean value for the obesity (BMI) of that subject, when as- 
sessed by the IRMA insulin - glucose slope, nine of the ten 
diabetic subjects had a subnormal response. Assessed by 
RIA insulin-glucose slope, six of the ten diabetic subjects 
had a subnormal response (though if a single outlying nor- 
mal subject with RIA vector slope > 3 SD above the pre- 
dicted value is excluded, eight of the ten diabetic subjects 
had a subnormal response). 

The slope of the C-peptide - glucose response was 
significantly reduced in the diabetic, compared with the 
non-diabetic subjects: 104 (66-166) and 240 (158- 
363) pmol/mmol, respectively, p < 0.001. Assessed with 
respect to obesity (BMI), eight of the ten diabetic subjects 
had a subnormal C-peptide-glucose response. 

First degree relatives 

The eight first degree relatives of Type 2 diabetic subjects 
had intact proinsulin, 32-33 split proinsulin and insulin 
concentrations which were not significantly different from 
those of the normal subjects. However, the Beta-cell re- 
sponse was subnormal in three of the first degree relatives 
assessed by IRMA insulin- glucose response, one by RIA 
and one by C-peptide (Fig. 1). 

Discussion 

Some polyclonal RIA methods for plasma insulin have 
high cross-reactivity for intact proinsulin and its partially 
processed products, which have significantly lower bio- 
logical activities [16]. The development of a highly specific 
and sensitive two-site monoctonal immunoradiometric 
assay [8] means that insulin immunoreactivity by this 
method can more accurately represent "true" insulin con- 
centration, particularly in situations when circulating con- 
centrations of proinsulins are raised, such as insulinomas 
[1] or poorly-controlled diabetes [2,14]. 

In the present study immunoreactive insulin concen- 
trations as measured by RIA were significantly higher 
than insulin concentrations measured by IRMA, but were 
not significantly different from the sum of IRMA insulin, 
intact proinsulin and 32-33 split proinsulin concentra- 
tions, due to the cross-reactivity of proinsulins in the RIA. 
When intact and 32-33 split proinsulins make up only a 
small proportion of the total immunoreactive insulin, the 
RIA can be expected to provide similar information to the 
more specific IRMA. 

IRMA techniques can be a more precise as well as a 
more accurate measure of insulin concentrations. In a 
clinical setting, however, the variability of plasma insulin 
estimates are influenced not only by the precision of the 
assay, but also by variability due to sample handling and 
storage and by the biological pulsatility of plasma insulin, 
both in non-diabetic [17] and diabetic subjects [18]. The 
between-sample variation in samples taken 5-min apart 
was estimated by the two assay techniques, and found to 

be similar both fasting and at the end of the glucose infu- 
sion. 

Significant overestimation of pancreatic function due 
to the cross-reactivity of a conventional RIA method to 
raised proinsulin concentrations has been shown in newly- 
diagnosed Type 2 diabetic subjects studied by Temple et 
al. [6], particularly in the more obese group. However, the 
fact that these subjects were untreated, and were likely to 
be under a significant degree of hyperglycaemia-induced 
pancreatic stress, may have raised the proinsulin: total im- 
munoreactive insulin, which has been shown to decrease 
during treatment [4, 9]. In the present study, subjects were 
selected to represent the less severe end of the spectrum of 
Type 2 diabetes, having a relatively short duration of dis- 
ease, and being controlled on a weight-maintaining diet. 
From the time of diagnosis the diabetic subjects had lost a 
median of 6 % body weight with a reduction of fasting 
plasma glucose to near normal concentrations. Though 
the effect of such a weight loss per se on the proportion of 
proinsulin to insulin in plasma is not known, the fall in 
plasma glucose would be expected to reduce the possi- 
bility of deleterious effects of hyperglycaemia on Beta- 
cell function [19, 20]. Indeed, some of the subjects with a 
previous diagnosis of diabetes had fasting glycaemia 
below the WHO limit of 7.8 mmol/1 for diabetes at the 
time of testing. Any abnormalities in this group with a 
proven propensity to Type 2 diabetes would be expected 
to be especially relevant to aetiology. 

Fasting plasma insulin concentrations were similar in 
the diabetic and the non-diabetic subjects, whether 
measured by IRMA or RIA. After 60 min of the glucose 
infusion, the mildly diabetic group had a lower mean plas- 
ma insulin than the non-diabetic group when assessed by 
IRMA and a lower C-peptide, though there was consider- 
able overlap between individual values in the two groups. 
Mean RIA insulin concentrations, on the other hand, 
were less different between the two groups. Intact proin- 
sulin and 32-33 split proinsulin concentrations were simi- 
lar both fasting and at the end of the glucose infusion. 

It has been suggested that the ratio of proinsulin to 
total insulin immunoreactivity might be a sensitive 
method of diagnosing the earliest stages of Beta-cell dys- 
function [5]. This ratio is raised in newly-diagnosed Type 2 
diabetic subjects [6], and falls with treatment of hypergly- 
caemia [4, 9]. In the present data, the basal group mean PI 
ratio was higher in the mildly hyperglycaemic subjects 
with a history of diabetes than the non-diabetic subjects. 
However, there was a considerable overlap in the individ- 
ual values in the two groups. After the glucose infusion, 
there was again a large scatter and overlap between the 
groups. 

The lack of a clear separation of the two groups by the 
stimulated insulin, proinsulin or C-peptide concentrations 
does not mean that some mildly diabetic subjects had nor- 
mal insulin secretory responses. The insulin response to 
glucose must be assessed in the light of both the degree of 
glycaemia provoking the response, and the prevailing de- 
gree of insulin sensitivity; whether measured by fasting 
insulin concentrations [21], obesity [13, 22] or other 
measures [23]. When the slope of the insulin-glucose re- 
sponse was expressed in relation to obesity [13] using 
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I R M A  insulin, nine o f  the ten diabetic subjects had  a sub- 
normal  pancreat ic  response.  Use  o f  R I A  in su l in -  glucose 
response slopes was less discriminatory, t hough  six of  the 
ten subjects had  a subnormal  response.  With the C-pep-  
tide - glucose response slopes, eight of  the ten  subjects had 
a subnormal  response,  and the general  pa t te rn  of  respon-  
ses was similar with all the assays. 

The  separa t ion in insulin responsiveness be tween  the 
two groups  contrasts  with the relatively greater  degree  of  
overlap be tween  the proinsulin: total immunoreac t ive  in- 
sulin rat io measured  fasting or  af ter  the glucose infusion. 
T h o u g h  the m e a n  PI  rat io in this g roup  with a his tory o f  
Type 2 diabetes  was raised, this was no t  as sensitive a mar-  
ker  of  Beta-cell  dysfunct ion as their  impai red  obesi ty-cor-  
rec ted  insulin-glucose response.  D u e  to the mild h y p e @ y -  
caemia  of  the diabetic group as a whole,  it is no t  possible 
f rom these data  to de te rmine  whe the r  the t endency  of  
some diabet ic  subjects to secrete relatively more  proin-  
sulin than insulin is a p r imary  fea ture  of  Beta-cell  dysfunc- 
tion, or  is secondary,  possibly to hyperglycaemia.  

The  examinat ion  of  the I R M A  insulin - glucose re- 
sponses of  eight first degree  relatives in re lat ion to their  
degree  o f  obesi ty  identifies three  as having subnormal  re- 
sponses. I t  is possible that  these individuals, though  nor-  
moglycaemic  and wi thout  a his tory of  hyperglycaemia ,  
might  have  inher i ted a c o m p o n e n t  o f  the  diabetic geno-  
type and be at a h igher  risk of  developing diabetes.  Only  
long- term fol low-up of  subjects identif ied in this way will 
be able to  val idate this hypothesis.  
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