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Summary. Twenty-four  hour  profiles of  p lasma C- 
peptide,  an index of  endogenous  insulin secretion, 
were pe r fo rmed  in 15 Type 1 ( insulin-dependent)  dia- 
betic children. Plasma C-pept ide  was detectable in six 
children, o f  w h o m  four  ( 'C-pept ide  producers ' )  had 
peak  values above normal  fasting levels. In each of  
the six children with residual B ceil function, there 
was a close correlation between p lasma C-pept ide  
and  simultaneous b lood  glucose (r > 0.50, p < 0.05). 
Post-breakfast  peak  b lood  glucose was 10.2 + 
1.7 mmol /1  (mean + SEM) in the 'C-pept ide  produ-  
cers '  and 18.7 _+ 1.7 mmol /1  in the 11 children with 
low or no detectable C-peptide.  Mean  M-value,  an in- 
dex of  deviation f rom an ideal b lood  glucose, was 
lower in the 'C-pept ide  producers '  (p < 0.05). It is 
concluded that residual functioning B cells in diabetic 
children behave physiologically in that insulin secre- 
t ion fluctuates in accordance with the prevailing 
b lood  glucose; and that  the pat tern of  action of  inject- 
ed insulin is more  critical in non-C-pept ide  producers  
who lack the post-prandial  dampen ing  effect pro- 
vided by residual endogenous  insulin secretion. 
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Chi ldren with Type  1 (insulin-dependent)  diabetes 
mellitus continue to secrete small amounts  of  endoge- 
nous insulin for 2-10 years after diagnosis [1]. This re- 
sidual endogenous  insulin secretion is usually asso- 
ciated with good diabetic control [2]. Circulating en- 
dogenous  insulin can be est imated by  measuring plas- 
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m a  C-peptide,  which gives an indirect indication of  
endogenous  insulin secretion. Measurements  of  plas- 
m a  C-pept ide  in diabetic individuals have in the past  
been  made  in the fasting state [1] or over  a short per iod 
(e.g. 20-30 min) in response to a provocat ive stimulus, 
either a meal  or intramuscular  glucagon [3]. However ,  
previous studies have not examined p lasma C-pep-  
tide profiles under  physiological  conditions in insu- 
lin-treated children over  24 h periods.  In this study, 
24 h profiles of  p lasma C-pept ide  were per formed in 
15 Type 1 diabetic children on a s tandardised twice- 
daily insulin regimen. 

Patients and Methods 

Fifteen Type I diabetic children were included in the study. Details 
are shown in Table 1. There were seven boys and eight girls ranging 
in age from 9.2 to 15.5 years. Duration of diabetes ranged from 0.7 
to 10.9 years. Informed consent was obtained from both parents 
and children and the investigation was approved by the hospital 
Ethics Committee. They were all stabilised on a twice-daily insulin 
regimen; a mixture of Semitard (Novo) and Actrapid (Novo) insu- 
lin. Control was optimised at home before hospital admission by 
frequent (three to four times daily) urine Clinitests (two-drop meth- 
od), a 24 h fractional urinary glucose collection and a series of pre- 
prandial blood glucose estimations. Insulin dosage was then ad- 
justed in an attempt to achieve negative or minimal glycosuria and 
near physiological pre-prandial blood glucose levels. The tests 
were repeated as necessary [4]. The duration of home optimisation 
was from 3-8 weeks. Children were admitted to hospital on a Fri- 
day evening and an Abbocath 18 G IV cannula with heparin sy- 
ringe was inserted the following morning. This allowed consider- 
able mobility of the arm, and children were able to move about free- 
ly. 

Insulin injections were given 15 min before breakfast and be- 
fore the evening meal. Diet was carbohydrate controlled and de- 
signed to resemble each child's usual diet at home. Children were 
encouraged to exercise at similar times and to a similar degree as 
they usually did at home and at school. Blood sampling was at 
30 min intervals for 1 h after each meal and at 1-3 h intervals at 
other times [4]. Four ml of blood were taken at each sampling, of 
which 1 ml was added to a pre-weighed tube containing 5 ml of 5% 
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Table 1. Clinical and other details of the 15 children studied 
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Patient Sex Age Duration of 
(years) diabetes 

(years) 

Total daily insulin dose Insulin bind- Peak plasma 
(Semitard plus Actrapid ing capacity C-peptide 
twice daily) (units) (mU/l)  (nmol/1) 

Total Per kg 

M-value 

A M 13.8 2.3 70 1.4 63.5 0.19 113.6 
B F 15.5 1.3 64 1.1 11.5 0.40 14.9 
C F 14.6 6.8 82 1.5 144.5 0 95.8 
D F 14.1 1.7 200 3.2 344.5 0.55 7.9 
E M 11.1 1.7 64 1.6 40.5 0 69.0 
F M 13.8 4.6 40 0.9 14.5 0.08 84.7 
G M 12.4 2.1 60 1.4 72.0 0 110.9 
H F 15.3 10.9 122 1.8 30.0 0 27.1 
I F 15.1 5.3 78 1.3 36.5 0 26.2 
J F 13.6 1.1 30 0.6 41.5 0.80 31.4 
K F 15.1 2.6 120 2.3 737.0 0 24.5 
L M 13.9 9.2 72 1.4 276.7 0 115.1 
M M 13.6 0.7 40 0.8 17.0 0.32 31.9 
N F 13.8 9.8 58 1.5 145.5 0 173.8 
O F 9.2 3.7 42 1.3 28.5 0 118.8 

perchloric acid to precipitate protein and 3 ml was added to a lith- 
ium heparin tube. Perchloric acid tubes were maintained at 4 ~ C for 
up to 36 h before neutralisation of the supernatant with 20% KOH, 
and estimation of glucose by the hexokinase method [5]. Lithium 
heparin samples were separated at 4 ~ C within 1 h of collection and 
the plasma stored at - 2 0  ~ C. Plasma C-peptide was estimated by 
assay of C-peptide immunoreactivity and subtraction of the esti- 
mated contribution by antibody-bound proinsulin (precipitated by 
polyethylene glycol) [6]. C-peptide immunoreactivity was estimat- 
ed by a modified charcoal separation radioimmunoassay [7] using 
C-peptide antibody (M1230), human C-peptide standard and 125I- 
labelled C-peptide (kindly supplied by Dr. L. Heding, Novo Re- 
search Institute, Copenhagen, Denmark). The sensitivity of the as- 
say was 0.03 nmol/1. Anti-insulin antibodies were measured in 
plasma as insulin binding capacity, using a modification of the 
method of Anderson et al. [8]. The M value [9], an index of deviation 
from a reference 'ideal' blood glucose, was calculated using 
4.5 mmol/ l  as the reference value for blood glucose. Statistical 
comparisons between groups were made using the Wilcoxon Rank 
Sum test for umpaired data [10]. 

Results 

Plasma C-peptide was detectable in six of the 15 
children studied (Table 1). The values of plasma C- 
peptide in normal adults range from a mean fasting 
level of 0.37 nmol/1 to a mean of 2.54 nmol/1 in re- 
sponse to an oral glucose load [11]. In two of the six 
children plasma C-peptide was just detectable ('low 
C-peptide producers'), with peak levels of 0.08 and 
0.19 nmol/1. In the other four children ('C-peptide 
producers'), peak levels ranged from 0.32 to 
0.80 nmol/1. The duration of diabetes in the two chil- 
dren with just detectable plasma C-peptide levels was 
4.6 and 2.3 years compared with a mean of 1.2 years 
(range 0.7-1.7 years) in the four children with easily 

detectable plasma C-peptide. The mean duration of 
diabetes in the nine non-producers of C-peptide was 
5.8 years (range 1.7-10.9 years). 

Figure 1 shows the 24 h plasma C-peptide profiles 
(mean _+ SEM) plotted together with the correspond- 
ing blood glucose profiles for the four 'C-peptide 
producers'. In these and the two 'low C-peptide pro- 
ducers', peaks of plasma C-peptide corresponded to 
peaks of blood glucose. Furthermore, the pattern of 
the two profiles is similar in each of the four children 
studied, suggesting a consistent relationship between 
blood glucose and plasma C-peptide. Figure 2 shows 
linear regression lines relating blood glucose to plas- 
ma C-peptide in each of the six children with detec- 
table plasma C-peptide. In each child there is a signi- 
ficant correlation between the plasma C-peptide level 
and the corresponding blood glucose (p < 0.05, r = 
0.53-0.82). The slope of the regression line is least in 
the two children with the lowest C-peptide levels. 

The effect of endogenous insulin secretion on 
24-h diabetic control was examined by comparing the 
mean blood glucose profile of the four 'C-peptide 
producers' with the 11 low or non-producers of C- 
peptide (Fig. 3). In the group of four 'C-peptide pro- 
ducers', mean blood glucose ranged over the day 
from 3.0 to 10.2 mmol/1. In the remaining group of 11 
children ('low and non-C-peptide producers'), mean 
blood glucose levels ranged from 4.0 to 18.7 mmol/1. 
Maximum blood glucose levels were reached 1-2 h 
after breakfast in both groups. Blood glucose levels 
from 0700 to 0815 h were significantly lower in the 'C- 
peptide producers' (p < 0.05). The four 'C-peptide 
producers' had a significantly lower mean M-value 
(21.5) than the remaining 11 children (87.2) (p < 0.05), 
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Fig. I. Twenty-four hour profile of plasma C-peptide and simultaneous blood glucose for the four 'C-peptide producers' (mean _+ SEM) 
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Fig. 2. Linear regression lines relating plasma C-peptide to blood glucose over 24 h (n = 14) in all six children with detectable plasma C-pep- 
tide (p < 0.05, for each line) 



248 G.A. Werther et al.: C-Peptide Profiles in Diabetic Children 

i , 

8" 

o ~  
7 9 11 13 15 17 19 21 23 I 3 5 7 

Time (h) 

Fig. 3. Comparison of 24 h profiles of blood glucose (mean _+ SEM) in 'C-peptide producers' ( O-- -  -O ,  n = 4) and low or non-producers of 
C-peptide (O O ,n  = 11). * p  <0.05 and ~ p  <0.01 

using 4.5 mmol/1 as the reference blood value 
(Table 1). 

There was no relationship between insulin-bind- 
ing capacity and M-value in the 15 children. There 
was a significant correlation between insulin dose and 
insulin binding capacity (r = 0.66, p < 0.01), while 
there was no correlation between insulin dose and 
peak C-peptide in all 15 children. 

Discussion 

In this study, 24-h profiles of blood glucose and plas- 
ma C-peptide were performed on 15 Type 1 diabetic 
children under near physiological conditions on a 
standardised insulin regimen. In this way, the diurnal 
patterns of endogenous insulin secretion and their re- 
lationship to the prevailing levels of blood glucose 
were examined. 

A close relationship between plasma C-peptide 
and blood glucose was demonstrated for each child. 
This direct linear relationship was specific and con- 
sistent for each of the six children with detectable C- 
peptide secretion. The slope of the regression line re- 
lating plasma C-peptide and blood glucose for each 
child can be taken as an indication of the degree of re- 

sidual endogenous insulin secretion, i.e. the steeper 
the slope, the greater the residual endogenous insulin 
secretion in that child (Fig. 2). It is unlikely that these 
C-peptide responses are simply related to the entero- 
insular response to meals [12]. Since the caloric value 
and the carbohydrate, fat and protein composition of 
the three main meals was similar in this group of 
children, one might have expected a similar plasma 
C-peptide response following each main meal if the 
entero-insular axis were providing the primary stimu- 
lus to the B cells; in contradistinction to this, the C- 
peptide response seems to relate to the prevailing 
blood glucose. This suggests that in diabetic children, 
residual functioning B cells behave physiologically in 
that the insulin secretion appears to fluctuate in ac- 
cordance with the blood glucose concentration. 

The presence of residual endogenous insulin se- 
cretory capacity in diabetic children as measured by 
plasma C-peptide was, as described previously [1], as- 
sociated with a short duration of diabetes. The asso- 
ciation of residual endogenous insulin secretion and 
'good' diabetic control has also been described previ- 
ously [2]. 

The mean blood glucose profile of the four 'C- 
peptide producers' showed a smaller amplitude and 
lower peak than that of the low or non-producers of 
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C-pept ide .  The  signif icantly lower  m e a n  M-va lue  o f  
the 'C-pep t ide  p roduce r s '  con f i rmed  bet ter  24-h con-  
trol in this group.  The  lack o f  any  corre la t ion  be tween  
insulin dose  and  C-pept ide ,  as well as the wide  varia- 
t ion in insulin dose,  m a y  be expla ined by  the effect o f  
anti- insulin ant ibodies.  This is demons t r a t ed  by  the 
signif icant  corre la t ion  be tween  insulin dose  a nd  insu- 
lin b ind ing  capaci ty,  a nd  m a y  overr ide any  possible 
effect  o f  C-pep t ide  on  reduc ing  insulin dose. There  
was  no  evidence  that  the presence  o f  anti- insulin anti- 
bodies  p layed  any  role in diabet ic  cont ro l  m e a s u r e d  
by  M-value,  as was suggested  by  D i x o n  et al. [13]. The  
mos t  striking difference in the m e a n  b l o o d  glucose 
profi les was at 0700 h and  immedia te ly  after  breakfas t  
w h e n  significantly lower  values in b l o o d  glucose  oc- 
cur red  in the 'C-pep t ide  p roducers ' .  The  'C-pep t ide  
p roduce r s '  were able to secrete e n d o g e n o u s  insulin in 
response  to the rising b l o o d  glucose level and  so limit 
its p e a k  value. I n  'C -pep t ide  p roducers ' ,  therefore,  the 
m a x i m u m  b l o o d  glucose  levels r eached  m a y  be main-  
ly d e p e n d e n t  on  the degree  o f  residual  e n d o g e n o u s  
insulin secretory capaci ty.  In  n o n - C - p e p t i d e  p rodu -  
cers, however ,  the m a x i m u m  b l o o d  glucose a t ta ined 
m a y  be l imited pr imar i ly  by  the availabili ty o f  inject- 
ed insulin. The  pa t te rn  o f  ac t ion o f  injected insulin is 
therefore  far  m o r e  critical in n o n - C - p e p t i d e  p rodu-  
cers w h o  lack the fine tuning  or  d a m p e n i n g  effect pro-  
v ided  by  residual  e n d o g e n o u s  insulin secretion. 
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