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We used specific, monoclonal antibody-based, two-site immunoradiometric assays to test the hypothesis that serum levels of 
proinsulin and des-31,32 proinsulin would be increased in cirrhosis, particularly in those with overt diabetes. A 75-g oral glucose 
tolerance test was performed after an overnight fast in eight cirrhotic patients with diabetes (fasting blood glucose, 7.8 _+ 2.2 
[SE] mmol/L) ,  seven nondiabetic cirrhotic patients, and eight normal control subjects. Fasting serum immunoreactive insulin 
levels were approximately six times higher in cirrhotics than in controls, but were not different between diabetic and 
nondiabetic cirrhotic patients. After oral glucose, the incremental area under the serum insulin concentration curve was 3,475 _+ 
1,009 pmol- L- 1. h in nondiabetic cirrhotic patients, significantly higher than in controls (761 -+ 48, P < .001 ) or diabetic cirrhotic 
patients (881 -+ 186, P < .05). Fasting serum proinsulin levels in diabetic cirrhotic patients (24.0 -+ 5.7 pmol/L) were higher than 
in controls (2.3 -+ 0.5, P < .001) or nondiabetic cirrhotic patients (4.4 --. 0.8, P < .005). Fasting serum levels of des-31,32 
proinsulin were also much higher in diabetic cirrhotic patients than in nondiabetic cirrhotic patients or controls (P < .02 and 
P < .005, respectively). Fasting proinsulin plus des-31,32 proinsulin constituted 12.5% -+ 1.4% of serum immunoreactive insulin 
in diabetic cirrhotics, higher than in nondiabetic cirrhotics (3.7% -+ 0.5%, P < .001) and normal controls (7.8% -+ 1.5%, 
P = .035). The fasting proinsulin to C-peptide molar ratio was significantly higher in diabetic cirrhotic patients (25.1 -+ 8.6) than 
in controls (6.3 -+ 1.4) or nondiabetic cirrhotic subjects (4.9 -+ 1.4; P < .05 for both). In diabetic cirrhotic patients, proinsulin 
correlated with fasting blood glucose levels (r = .95, P < .001), as did des-31,32 proinsulin (r = .87, P < .01), proinsulin as a 
proportion of immunoreactive insulin (r = .82, P < .02), and the proinsulin to C-peptide molar ratio (r = .87, P < .005). 
Proinsulin levels were increased in both diabetic and nondiabetic cirrhotic patients, but a disproportionate elevation relative to 
insulin and C-peptide was seen only in diabetic patients. Compared with findings in type II diabetes, the changes in proinsulin 
as a proportion of total immunoreactive insulin were small (< 15%) because insulin clearance is impaired in cirrhosis. 
Copyright © 1995 by W.B. Saunders Company 

I MPAIRED ORAL GLUCOSE tolerance is found in 
most patients with cirrhosis, 1,2 and they have a preva- 

lence of overt diabetes two to four times that of the general 
population. 2 Impaired glucose tolerance is mainly due to 
insulin insensitivity of peripheral tissues. 3,4 Overt diabetes 
occurs in those cirrhotic patients who have a marked 
impairment of insulin secretion and insulin insensitivity4; 
however, serum insulin levels, both fasting and after oral or 
intravenous glucose, are high in diabetic and nondiabetic 
cirrhotic patients. 4 The clearance of insulin decreases in 
cirrhosis due to hepatocellular dysfunction and/or  portal- 
systemic shunting. 3,5,6 Reduced clearance is the major 
determinant of increased insulin levels in cirrhosis, al- 
though increased insulin secretion also plays a part in 
nondiabetic cirrhotic patients. 3,7 The reduction of the 
insulin metabolic clearance rate in cirrhosis is much greater 
for secreted insulin than for insulin infused into the 
systemic circulation, 3,7 suggesting that reduced first-pass 
hepatic uptake of endogenous insulin due to portal- 
systemic shunting plays a major role. However, most insulin 
assays are not specific. They show a high degree of 
cross-reactivity with proinsulin and its partially cleaved 
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products, s Because the half-lives of intact and split proinsu- 
lins are five to seven times that of insulin, 9,1° an increased 
contribution of proinsulin and its derivatives to circulating 
"insulin" concentrations in cirrhosis could also help to 
explain the greater reduction in the metabolic clearance 
rate of secreted "insulin" as compared with exogenous 
insulin.3, 7 

Many patients with type II diabetes have high fasting and 
postprandial serum insulin levels. Recent studies using 
highly specific, monoclonal antibody-based, two-site immu- 
noradiometric assays for proinsulin and its derivatives have 
shown that up to 50% of circulating immunoreactive insulin 
in type II diabetes may be due to proinsulin and its major 
intermediate conversion product, des-31,32 proinsulin11; 
thus, the concentration of true insulin in type II diabetes 
may be overestimated with standard insulin assays) 2 

If proinsulin levels increase as a consequence of insulin 
insensitivity and/or  hyperglycemia increasing the demand 
for insulin and leading to depletion of mature islet B-cell 
granules with subsequent release of proinsulin-rich imma- 
ture granules, 13,~4 one might expect proinsulin levels to be 
increased in cirrhotics, particularly those with overt diabe- 
tes mellitus. However, reports of serum proinsulin levels in 
cirrhosis are conflicting) 5,~6 Increased circulating proinsu- 
lin levels could contribute to the delayed onset of insulin 
action seen after glucose ingestion in cirrhosis] 7 because 
the effect of proinsulin to promote tissue glucose uptake is 
delayed compared with that of insulin. TM An increased 
contribution of proinsulin to immunoreactive insulin would 
also lead to an overestimation of the degree of insulin 
insensitivity by methods that rely on endogenously secreted 
insulin such as Bergman's minimal model method, 4J9 since 
the in vivo potency of proinsulin is only approximately 10% 
that of insulin, l°,~s We have therefore used specific, mono- 
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clonal an t ibody-based ,  two-site immunorad iome t r i c  as- 
says 2° to test  the  hypothesis  tha t  circulat ing levels of intact  
proinsul in  and  des-31,32 proinsul in  would be  increased in 
cirrhosis, par t icular ly  in those  with overt  diabetes.  

S U B J E C T S  A N D  M E T H O D S  

Fifteen stable, biopsy-proven, alcoholic cirrhotic patients with 
and without overt diabetes mellitus were recruited. The nondia- 
betic cirrhotic group (n = 7) had a normal fasting blood glucose. 
Diabetic cirrhotic patients (n = 8) were on treatment with oral 
hypoglycemic agents (Table 1) and a weight-maintaining diet in 
which at least 50% of energy was derived from carbohydrate ( ~ 250 
g/d). They had previously been documented to have a fasting blood 
glucose off treatment of greater than 6.7 mmol/L, consistent with a 
diagnosis of diabetes according to World Health Organization 
criteria. 21 At the time of study, all were outpatients. Marked insulin 
insensitivity had been documented in six of the nondiabetic 
cirrhotic patients and seven of the diabetic cirrhotic patients by the 
euglycemic clamp and minimal model methods. 3,4 Three nondia- 
betic cirrhotic patients and four diabetic cirrhotic patients were 
taking spironolactone, but none had ascites at the time of study. 
Eight normal control subjects (laboratory staff or relatives of 
patients) were also studied. Clinical characteristics of patients and 
controls are presented in Table 1. None of the subjects had a family 
history of diabetes mellitus, and apart from oral hypoglycemic 
agents (see above), they were not on treatment known to affect 
glucose tolerance. Twelve patients had esophageal varices on 
endoscopy; eight had previously bled from varices, but not in the 3 
months before study. Patients with alcoholic cirrhosis had ab- 
stained from alcohol for at least 2 months before study. Diabetic 
patients were asked to continue with their usual diet but to stop 
taking their oral hypoglycemic agents 3 days before study. Control 
and nondiabetic cirrhotic subjects consumed a diet containing at 
least 200 g carbohydrate/d. The study was approved by the local 
ethics committee. 

Oral Glucose Tolerance Tests 

All studies were performed in the morning after an overnight 
fast. For blood sampling, a venous cannula was inserted retro- 
gradely in a hand vein, with the hand being maintained in a hand 
warmer at 60°C. After each blood sample, the cannula was flushed 
with 0.15 mol/L NaC1 in water. Two basal blood samples were 
taken for estimation of blood glucose, serum insulin, proinsulin, 
and des-31,32 proinsulin concentrations. Subjects then ingested 75 
g glucose in 390 mL water. The glucose was divided into five 
aliquots and administered at minute intervals. Blood samples for 
glucose and insulin determinations were taken at 15-minute 

Table 1. Clinical Characteristics of Cirrhotic and Control Subjects 

Nondiabetic Diabetic 
Controls Cirrhotics Cirrhotics 

n 8 7 8 

Age (yr) 47 _+ 9 54-+ 8 56 -+ 7 

Weight (kg) 66 -+ 12 71 _+ 15 75 _+ 11 

Body mass index (kg/m 2) 24.5 _+ 3.2 26.0 _+ 4.2 25.4 ± 3.5 

Esophageal varices (n) - -  6 6 

Oral hypoglycemic agents (n) 

To ibutamide 7 

Glipizide - -  - -  1 

Serum albumin (g/L) 44 _+ 2 38 ± 7 40 ± 3 

Serum bi l i rubin (l~mol/L) 10 _+ 3 25 _+ 11 40 ± 43 

Prothrombin t ime (s) 12+_1 1 6 ± 2  16_+2 

NOTE. Results are the mean ± SD. 

intervals until +60 minutes and then at 30-minute intervals until 
+ 180 minutes. Blood samples for proinsulin and des-31,32 proinsu- 
lin determinations were taken at 60, 120, and 180 minutes after 
glucose ingestion. 

Analyses 

Blood glucose levels were measured by a glucose oxidase method 
(Yellow Springs glucose analyzer, Clandon Scientific, London, 
UK). Serum insulin levels were measured using a double-antibody 
techniqueZ2; intraassay and interassay coefficients of variation were 
6.8% and 7.9%, respectively. The assay measures immunoreactive 
insulin levels and shows 100% cross-reactivity with the proinsulin- 
like molecules. Serum C-peptide levels were measured by ethanol 
precipitation radioimmunoassay 23 using the M1221 antibody and a 
synthetic standard (Novo Research Institute, Bagsvaerd, Den- 
mark). The cross-reactivity of the M1221 antibody with proinsulin 
is approximately 80%. Proinsulin and des-31,32 proinsulin levels 
were measured using monoclonal antibody-based, two-site immu- 
noradiometric assays, z° Monoclonal antibodies to insulin and 
proinsulin were obtained from Serono Diagnostics (Woking, UK), 
and anti-C-peptide antibody (PEP001) was from Novo (Copenha- 
gen, Denmark). Intact, des-31,32, and des-64,65 proinsulin stan- 
dards were supplied by Eli Lilly & Co. (Indianapolis, IN). Intact 
proinsulin and des-31,32 proinsulin were captured with 3BI immo- 
bilized on microtiter plates (Immunol 4; Dynatech, Billinghurst, 
Sussex, UK) and detected with iodinated antibody and PEP001, 
respectively. Intraassay and interassay coefficients of variation 
were 6.3% and 9.8% for intact proinsulin and 8.6% and 12.6% for 
des-31,32 proinsulin. Detection limits (mean _+ 3 SD of zero 
signal) for intact and des-31,32 proinsulin were 0.25 and 0.125 
pmol/L, respectively. There was less than 1% cross-reactivity with 
insulin in either assay. In the intact proinsulin assay, there was 78% 
cross-reactivity with des-64,65 proinsulin; in the des-31,32 proinsu- 
lin assay, there was 59% cross-reactivity with intact proinsulin and 
54% cross-reactivity with des-64,65 proinsulin. In all circum- 
stances, competition curves were parallel to those of the specific 
hormone. Recovery of intact or des-31,32 proinsulin added to 
human plasma (3 to 33 pmol/L) was 93% (range, 83% to 101%) 
and 89% (range, 84% to 99%), respectively. The des-31,32 proinsu- 
lin concentration was calculated by subtracting the cross-reactivity 
of measured intact proinsulin. 

StatisticaI Analysis 

Results are expressed as the mean + SEM unless otherwise 
indicated. Areas under the glucose and insulin concentration 
curves were calculated by the trapezoidal rule. The significance of 
differences within groups was tested by Student's paired t test and 
between groups by ANOVA followed by Tukey's multiple compari- 
son test. Correlations were sought by Pearson's least-squares 
method. A P value of less than .05 was considered statistically 
significant. 

RESULTS  

Oral Glucose Tolerance Tests 

Fast ing b lood glucose concen t ra t ions  did not  differ statis- 
tically be tween  nondiabe t i c  cirrhotic  pa t ien ts  and  control  
subjects (4.9 + 0.2 v 4.5 _ 0.1 retool /L) ,  bu t  were  h igher  in 
diabet ic  cirrhotic pa t ien ts  (7.8 -+ 2.2, P < .001 v bo th  con- 
trol and  nondiabe t i c  cirrhotic  pat ients) .  Following the  oral 
glucose load, b lood glucose concen t ra t ions  were signifi- 
cantly h igher  in bo th  cirrhotic groups than  in controls,  and  
were much  higher  in diabet ic  cirrhotic pa t ien ts  than  in 
nond iabe t i c  cirrhotic  pa t ien ts  (Fig 1). 
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pmol • L -I • h) was markedly reduced compared with that 
of nondiabetic cirrhotic patients (3,475 _+ 1,009, P < .05), 
but it was not significantly different from that of controls 
(761 +_ 48). 

Fasting serum C-peptide levels were higher in both 
cirrhotic groups (nondiabetic cirrhotics, 1.04 _+ 0.16; dia- 
betic cirrhotics, 1.15 _+ 0.15 nmol/L) as compared with 
controls (0.37 _+ 0.04, P = .006 and P = .002, respectively). 
However, after glucose ingestion, diabetic cirrhotic patients 
had a very blunted C-peptide response (Fig 1). The incre- 
mental area under their 3-hour serum C-peptide concentra- 
tion curve was only one third of that in nondiabetic cirrhotic 
patients (2.78 _+ 0.77 v 8.23 - 1.56 nmol.  L-1- h ,P  = .002). 
The incremental area under the serum C-peptide concentra- 
tion curve was greater in nondiabetic cirrhotics than in 
controls (4.86 _+ 0.31 nmol- L -I • h, P < .05). 

Fasting levels of intact proinsulin and des-31,32 proinsu- 
lin tended to be a little higher in nondiabetic cirrhotics than 
in controls, but the differences did not reach statistical 
significance (Fig 2). Fasting serum proinsulin levels in 
diabetic cirrhotic patients (24.0 -+ 5.7 pmol/L) were mark- 
edly higher than in control subjects (2.3 _+ 0.5, P < .001) or 
nondiabetic cirrhotic patients (4.4 _+ 0.8, P < .005). Fast- 
ing serum levels of des-31,32 proinsulin were also much 
higher in diabetic cirrhotic patients (8.8 _+ 2.4 pmol/L) 
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Fig 1. Blood glucose, serum insulin, and C-peptide levels after an 
overnight fast and after ingestion of 75 g oral glucose at t = 0 minutes 
in seven nondiabetic cirrhotic patients (0),  eight diabetic cirrhotic 
patients (&), and eight normal control subjects (a).  Mean -+ SEM. 

Fasting serum insulin levels were higher in both cirrhotic 
groups (nondiabetic cirrhotics, 209 -2-_ 48 pmol/L [35.1 -+ 8.0 
mU/L]; diabetic cirrhotics, 247 - 39 pmol/L [41.4 +_ 6.6 
mU/L]) as compared with controls (36-+ 7 pmol/L 
[6.0 - 1.1 mU/L] ,P  = .006 andP  < .001, respectively), but 
were not significantly different between diabetic and nondia- 
betic cirrhotic patients. After the oral glucose load, serum 
insulin levels were markedly increased in nondiabetic 
cirrhotics and remained elevated until + 180 minutes (Fig 
1). In diabetic cirrhotics the incremental area under the 
3-hour serum insulin concentration curve (881-+ 186 
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Fig 2. Serum intact proinsulin and des-31,32 proinsulin levels after 
an overnight fast and after ingestion of 75 g oral glucose at t = 0 
minutes in seven nondiabetic cirrhotic patients (0),  eight diabetic 
cirrhotic patients (&), and eight normal control subjects (0). Mean -+ 
SEM. 
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than in nondiabetic cirrhotic patients (2.6 _ 0.5, P < .02) 
or controls (0.8 - 0.1, P < .005). Fasting proinsulin and 
des-31,32 proinsulin was 12.5% -+ 1.4% of serum immuno- 
reactive insulin in diabetic cirrhotic patients, higher than in 
nondiabetic cirrhotic patients (3.7% -+ 0.5%, P < .001) or 
normal control subjects (7.8% --- 1.5%, P = .035). In nondia- 
betic cirrhotic patients, the proportion of immunoreactive 
insulin due to proinsulin and des-31,32 proinsulin was lower 
than in controls, but the difference did not reach statistical 
significance (P = .074). The fasting proinsulin to C-peptide 
molar ratio was significantly higher in diabetic cirrhotic 
patients (25.1 ± 8.6) than in controls (6.3 ± 1.4) or nondia- 
betic cirrhotic subjects (4.9 ± 1.4, P < .05 for both), but 
there were no differences between the control and nondia- 
betic cirrhotic groups. 

After glucose ingestion, serum levels of intact proinsulin 
and des-31,32 proinsulin increased in nondiabetic cirrhotic 
and control subjects (Fig 2). In diabetic cirrhotics there was 
an increase in intact proinsulin (P < .05 for 180 minutes v 
basal), but the apparent increase in des-31,32 proinsulin 
was not statistically significant, and both the absolute and 
proportional increases in proinsulin and des-31,32 proinsu- 
lin were smaller than for insulin. Proinsulin plus des-31,32 
proinsulin was no more than 16.7% of the immunoreactive 
insulin concentration in any of the three groups at any time 
point (Table 2). The highest concentrations of proinsulin 
and des-31,32 proinsulin were seen in diabetic patients with 
the highest fasting blood glucose (Fig 3). In diabetic 
cirrhotic patients, proinsulin showed a strong correlation 
with fasting blood glucose levels (r -- .95, P < .001), as did 
des-31,32 proinsulin (r = .87, P < .01), proinsulin as a 
percentage of immunoreactive insulin (r = .82, P < .02), 

Table 2. Percentage of Immunoreactive Insulin as Intact Proinsulin 
and as Des-31,32 Proinsulin in the Basal State and After 75 g Oral 

Glucose in Eight Diabetic Cirrhotic Patients, Seven Nondiabetic 
Cirrhotic Patients, and Eight Normal Control Subjects 

Minutes After Glucose Ingestion 

0 60 120 180 

Proinsulin (%) 

Controls 5.6 -+ 1.2 1.6 -+ 0.3 4.9 -+ 0.7 12.1 ± 3.5 

Cirrhotics 2 .3-+0.3  1 .3-+0,4  1.4-+0.4 2.9-+ 1,2 

Diabetic cirrhotics§ll 9.1 -+ 1.0"$ 5.2 ± 0.9 5.6 ± 1.2 6.8 ± 0,9 

Des-31,32 proinsul in (%) 

Controls 2.2 _+ 0.4 1.0 _+ 0.1 2.2 _+ 0.3 4.6 ± 1.0 

Cirrhotics 1.4 ± 0.2 0.6 _+ 0.2 0.5 _+ 0.2 1.3 ± 0.7 

Diabetic cirrhotics¶ 3.4 -- 0.51- 1.8 -+ 0.4 1.9 -+ 0.5 2.1 ± 0.4 

NOTE. Results are the mean -+ SEM. Signif icance of  differences 

between groups was sought by ANOVA fo l lowed by Tukey's mult iple 

compar ison testing, 

*P = .04 compared with control subjects at t = 0 minutes. 

I-P = .006, compared with nondiabet ic cirrhotic patients at t = O 

minutes. 

SP < .001 compared with nondiabet ic cirrhotic patients at t = 0 

minutes. 

§P < .02 compared wi th nondiabet ic cirrhotic patients and lIP < .001 

compared with controls for  the mean of 60- to 180-minute percentages. 

¶P < .02 compared with controls for  the mean of 60- to 180-minute 

percentages. 

and the proinsulin to C-peptide molar ratio (r = .87, 
P < .OO5). 

DISCUSSION 

In the present study, fasting serum levels of intact 
proinsulin and its major conversion intermediate des-31,32 
proinsulin were increased threefold to 10-fold in our 
diabetic cirrhotic patients in comparison to nondiabetic 
cirrhotic and control subjects (Fig 2). Although fasting 
levels of proinsulin and des-31,32 proinsulin in our nondia- 
betic cirrhotic patients tended to be higher than in controls, 
these differences were not significant and a disproportion- 
ate elevation in proinsulin and des-31,32 proinsulin (rela- 
tive to immunoreactive insulin and C-peptide) was seen 
only in diabetic patients. These findings are similar to those 
in subjects with impaired glucose tolerance due to obe- 
sity 13,24 and in type II diabetes without liver disease. 11-14,24-26 

There have been two previous studies of proinsulin levels 
in cirrhosis. 15,16 Kasperska-Czyzykowa et al t5 found a two- 
fold elevation in proinsulin, insulin, and C-peptide levels in 
cirrhotics with normal fasting blood glucose concentrations, 
but the proportion of immunoreactive insulin accounted for 
by proinsulin was not increased in their patients. However, 
their proinsulin levels (absolute and as a proportion of total 
immunoreactive insulin) in both control and cirrhotic 
subjects were far higher than those found in the present or 
other studies using more specific proinsulin assays. 11,12,26-28 
Ballmann et al I6 found no increase in proinsulin levels in 
diabetic or nondiabetic cirrhotic patients. Differences in 
assay methodology may account for the disparate findings. 
The proinsulin assay in the study by Ballmann et a116 had a 
very low (0.1%) cross-reactivity with des-31,32 proinsulin; if 
this was the major circulating proinsulin-like molecule in 
cirrhosis, as found in some 8,12,27 but not all 11,26 studies of 
diabetic patients, it could explain their negative findings. 
Our finding that serum intact proinsulin levels exceeded 
those of des-31,32 proinsulin in all groups (Fig 2) does not 
support this explanation. The most likely explanation for 
the failure of Ballmann et al t6 to find an increase in 
proinsulin levels in their diabetic cirrhotic patients is that 
the mean fasting blood glucose level of the "diabetic" 
cirrhotics was only 5.8 _+ 0.2 mmol/L, and none had a 
fasting blood glucose level above 6.6 mmol/L. 

The relative concentrations of insulin, proinsulin, and 
split proinsulins in peripheral venous plasma depend on 
their relative rates of secretion and clearance. Horwitz et 
al, 29 by simultaneous portal and peripheral venous sampling 
for insulin, C-peptide, and proinsulin, showed that in 
normal subjects proinsulin secretion in response to an acute 
arginine or glucose stimulus is 2% to 5% that of insulin. 
This is similar to the relative molar proportions of insulin 
and proinsulin in normal pancreatic extracts. 3°,31 The pan- 
creatic content of intact proinsulin exceeds that of des- 
31,32 proinsulin, 32 whereas the metabolic clearance rate of 
des-31,32 proinsulin is similar to or greater than that of 
intact proinsulin. 1° If their relative secretion rates are 
determined by their islet content, one would expect serum 
intact proinsulin levels to be greater than those of des-31,32 
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proinsulin, as was found in our control and cirrhotic 
subjects. Although proinsulin secretion is but a small 
proportion of that of insulin, it accounts for a higher 
proportion of steady-state plasma immunoreactive insulin 
because its metabolic clearance rate is only 20% to 25% 
that of insulin. 9,33 In normal subjects, 50% to 80% of 
secreted insulin is removed by the liver on first pass. 34 Even 
with peripheral insulin infusion, the liver accounts for 
approximately 70% of insulin clearance, although renal 
clearance increases linearly with plasma concentrations. 33,35 
By contrast, the liver plays a much smaller role in the 
metabolism of proinsulin and des-31,32 proinsulin, with the 
kidneys accounting for about 70% of proinsulin clearance. 33 
This is probably explained by the much lower affinity of 
insulin receptors for proinsulin and its intermediate conver- 
sion products than for insulin. 36,37 These considerations 
help to explain the relative plasma concentrations of 
insulin, proinsulin, and des-31,32 proinsulin basally and 
after glucose ingestion in our subjects. 

The majority of patients in both cirrhotic groups (Table 
1) had esophageal varices on endoscopy and would be 
expected to have a significant degree of portal-systemic 

shunting and reduced insulin clearance, as previously shown 
for both secreted and infused insulin. 3,5,7 C-peptide clear- 
ance is normal in nondiabetic cirrhotics with normal renal 
function. 4,7 Since proinsulin and C-peptide are handled 
similarly by the kidney, 33 one would expect proinsulin 
clearance also to be normal in our cirrhotics. Reduced 
insulin clearance but normal proinsulin clearance probably 
explains why in our nondiabetic eirrhotics proinsulin and 
des-31,32 proinsulin, although higher than in controls, 
accounted for a smaller proportion of total immunoreactive 
insulin both basally and after glucose ingestion (Table 2). 
The normal proinsulin to C-peptide molar ratio in nondia- 
betic cirrhotic patients is consistent with this explanation, 
and also suggests that in these markedly insulin-insensitive 
subjects 3,4 there was no disproportionate secretion of proin- 
sulin. Reduced insulin clearance also explains why in 
diabetic cirrhotics, the changes in proinsulin in proportion 
to total immunoreactive insulin were relatively small as 
compared with findings in type II diabetics, despite their 
markedly increased proinsulin and des-31,32 proinsulin 
levels. In type II diabetes, proinsulin and des-31,32 proinsu- 
lin may account for as much as 50% of circulating immuno- 



PROINSULIN IN CIRRHOSIS 259 

reactive insulin, 11-13 rather than the 12.5% in our diabetic 
cirrhotics. However, the disproportionate increase in proin- 
sulin in our diabetic cirrhotics is clearly seen from the 
increased proinsulin to C-peptide molar ratio. Ward et a114 
showed that in type II diabetes, the disproportionate 
increase in proinsulin levels is due to increased secretion 
rather than impaired clearance. 

The reason for the increased secretion of proinsulin and 
its intermediate conversion products relative to insulin and 
C-peptide is not known. Insulin insensitivity, whether due 
to obesity, growth hormone excess, or liver disease, is 
associated with increased insulin secretion rates, 3,7,13 and it 
has been suggested that the chronic increase in demand for 
insulin leads to depletion of mature islet [3-cell insulin 
granules with subsequent release of immature proinsulin- 
rich granules. 14,38 Our findings do not support this hypoth- 
esis. Both our cirrhotic groups were markedly insulin- 
insensitive and to a similar degree. 4 However, a dispro- 
portionate increase in proinsulin secretion was seen only in 
diabetic patients who, although able to maintain similar 
fasting C-peptide levels (albeit at a higher blood glucose 
level), had a markedly impaired C-peptide response to oral 
glucose (Fig 1), suggesting that their 24-hour insulin secre- 
tion rates may be lower than in the nondiabetic cirrhotic 
group. Our previous demonstration 4 that cirrhotics with 
diabetes controlled by diet and oral hypoglycemic agents 
have a prompt release of insulin in response to tolbutamide, 
despite an absent first-phase insulin response to glucose, 
also suggests that depletion of insulin stores is not the 
explanation for the disproportionate increase in proinsulin 
release. 

As in type II diabetes, 24,26 we found a strong correlation 
of serum proinsulin and des-31,32 proinsulin levels with 
fasting blood glucose concentrations in our diabetic cir- 
rhotic patients (Fig 3). Several studies have suggested that 
the disproportionate increase in proinsulin levels in type II 
diabetes may be secondary to hyperglycemia. 24,384° Thus, 
reduction of plasma glucose levels in type II diabetic 
patients by diet or sulfonylureas has been shown to reduce 
the fasting proinsulin to insulin ra t ioY -4° However, Levy et 
al, 26 using the hyperglycemic clamp technique, showed that 
type II diabetic subjects have an increased proinsulin to 
insulin ratio even when comparison is made at the same 
plasma glucose concentration. 

It is unlikely that hyperglycemia itself impairs the conver- 
sion of proinsulin to insulin; this is unaffected by an acute 
increase in glucose levels, 4a whereas chronic exposure of 
islets to hyperglycemia increases the rate of proinsulin to 
insulin conversion. 42 | t  is likely that hyperglycemia will only 
increase the proinsulin to insulin ratio in subjects with a 
primary islet 13-cell defect; increasing the plasma glucose 
level to approximately 10 mmol/L for several hours in 
normal subjects by intravenous glucose infusion, although 
increasing plasma proinsulin and split proinsulin levels, 
does not increase the proinsulin to insulin ratio. ~3,26 The 
present study and previous studies in type II diabetic 
patients and their  normoglycemic first-degree rela- 
tives 13'24'26'3s,39 suggest that a disproportionate increase in 
proinsulin levels is seen only when the islet 13 cells are 
failing and insulin secretion can no longer maintain normal 
fasting blood glucose levels. Fasting hyperglycemia may 
then be viewed as the mechanism by which insulin secretion 
rates are maintained, perhaps by an effect of glucose on the 
cytoskeleton 43 resulting in more efficient translocation of 
newly synthesized immature granules to the plasma mem- 
brane for exocytosis. This is consistent with the findings of 
Levy et al, 26 who showed that when comparisons are made 
at similar glucose levels, the disproportionate increase in 
proinsulin levels in diabetes is due to a subnormal insulin 
response rather than to increased proinsulin levels. 

In conclusion, proinsulin levels are increased in both 
diabetic and nondiabetic cirrhotic patients, but a dispropor- 
tionate elevation in proinsulin and des-31,32 proinsulin is 
seen only in diabetic cirrhotic patients. Nonetheless, be- 
cause insulin clearance is reduced in cirrhosis, proinsulin 
plus des-31,32 proinsulin accounts for less than 15% of total 
plasma immunoreactive insulin. Hyperinsulinemia in cirrho- 
sis is therefore not due to increased levels of proinsulin or 
its intermediate conversion products, and increased secre- 
tion of proinsulin does not explain the delayed onset of 
insulin action ~7 or resistance of tissues to endogenously 
secreted insulin. This study further emphasizes the similar- 
ity of the islet [3-cell defect in diabetic cirrhotic patients and 
those with type II diabetes. Indeed cirrhosis, by inducing 
tissue insulin resistance, may simply unmask the defect in 
insulin secretion in much the same way as pregnancy leads 
to the development of gestational diabetes in those at risk 
for type II diabetes? 4 
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