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Summary To learn more about the preclinical phase 
of IDDM we observed for a median period of 
46.5 months (range 0.5-69 months) a group of 57 si- 
blings positive for ICA and/or IAA when first screened 
within 6 months of the diagnosis of the proband. Se- 
quential blood samples and IVGTTs were obtained at 
intervals of 6-12 months. Seventeen siblings (29.8 %) 
presented with IDDM during the observation period. 
The duration of the known preclinical period ranged 
from 0.5 to 51 months (median 29 months). The con- 
verters were younger than the other siblings (P < 0.05) 
and had higher initial ICA levels (P < 0.01). In addition 
they had a lower FPIR in the first IVGTT (P < 0.001). 
On all subsequent tests the converters had higher ICA 
levels and a lower FPIR (P < 0.05 or less), a lower glu- 
cose elimination rate from the third test onwards 
(P < 0.01 or less) and higher IAA levels at 3 years 

(P < 0.05). Some variation could be observed in the 
FPIR in the converters with an initial increase and sub- 
sequent decrease (P < 0.05 for both). Their levels of 
complement-fixing ICA increased up to 18 months 
(P<  0.05) and IAA levels up to 3 years (P<  0.01). 
Those high risk siblings who progress to clinical IDDM 
are characterized by young age, strong and increasing 
signs of islet-cell specific autoimmunity, reduced in- 
sulin secreting capacity and emerging glucose intoler- 
ance. The present observations seem to be incom- 
patible with the hypothesis of beta-cell destruction oc- 
curring at a constant, predictable rate. [Diabetologia 
(1994) 37: 388-393] 
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Insulin-dependent diabetes mellitus (IDDM) is now 
perceived as an autoimmune disease characterized by 
progressive beta-cell destruction during an asympto- 
matic preclinical phase [1, 2]. The duration of this pre- 
clinical phase apparently varies considerably, since the 
disease may be diagnosed both in infancy and in old age 
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[3, 4]. The highest incidence occurs in children, with a 
classic peak at puberty [5], although recent data from 
Finland indicate that this pubertal peak is reaching a 
plateau [6]. 

It has been suggested that there is a linear loss of 
beta-cell function in the preclinical period [7] and that 
the length of time until a high risk subject presents with 
clinical diabetes can be predicted with a dual parameter 
model based on FPIR to i. v. glucose and IAA levels [8]. 
This hypothesis is based on observations in a small 
number of highly selective first-degree relatives of 
diabetic patients, of whom the majority were adults. 
Other data suggest that the disease process may be less 
predictable, with only a proportion of those with islet 
cell-specific autoantibodies, or beta-cell dysfunction, 
or both, progressing to clinical disease [9]. 

The "Childhood Diabetes in Finland" study (abbre- 
viated the DiMe study) [6] is a population-based family 
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survey  which,  in con t ra s t  to  m o s t  p rev ious  pro jec ts  o f  
its k ind  [9-11],  inc ludes  p ro spe c t i ve  o b s e r v a t i o n  o f  un-  
a f fec ted  siblings f r o m  the  t ime  of  d iagnos is  o f  the  index  
case. This  des ign  exc ludes  the  poss ib le  c o n f o u n d i n g  ef- 
fect  o f  subs tan t ia l  va r ia t ions  in the  t ime of  d i s c o r d a n c e  
for  d iabe tes  b e t w e e n  the  f i r s t -degree  re la t ive  and  the  
p r o b a n d .  A t  least in ident ica l  twins, the  l ike l ihood  of  
s u b s e q u e n t  clinical d iabe tes  dec reases  wi th  g rea te r  
d u r a t i o n  o f  this d i s c o rda nc e  [12]. 

A n  inc reased  u n d e r s t a n d i n g  of  the  na tu ra l  h i s to ry  o f  
precl inical  I D D M  cou ld  faci l i tate  the  d e v e l o p m e n t  of  
effect ive  s t ra tegies  for  s e c o n d a r y  p r e v e n t i o n  o f  the  dis- 
ease. This p rospec t ive  s tudy  was  u n d e r t a k e n  to  charac-  
ter ize those  h igh  r isk siblings w h o  la ter  p re sen t  wi th  
d iabe tes  in r e l a t ion  to  t hose  w h o  r e m a i n  n o n - d i a b e t i c  
and  to  learn  m o r e  a b o u t  the  na tu ra l  h i s to ry  o f  the  pre-  
clinical per iod .  

Subjects and methods 

The population comprised all 57 siblings who tested positive for 
ICA or IAA, or both, in their initial blood sample taken within 
6 months (median 2 weeks) after the diagnosis of the index case 
in the DiMe study, the background and design of which have 
been described elsewhere [6]. Briefly the study was initiated at 
the beginning of September 1986 and all newly diagnosed 
diabetic children younger than 15 years, their 3- to 19-year-old 
siblings and their parents were invited to join. Informed consent 
was obtained from the subjects and their parents. The ethical 
committees of all participating hospitals approved the study 
protocol. The recruitment of new cases terminated at the end of 
April 1989. During that period of 32 months, 801 eligible cases 
were diagnosed, of whom 750 (93.9 %) joined the study. Their 
mean age was 8.5 (2.9; SD) years (range 0.8-14.9 years). Of a 
total 808 unaffected siblings aged 3-19years 711 siblings 
(88.0 %) as well as an additional 19 siblings younger than 3 years 
agreed to give a blood sample on at least one occasion. At the 
time of diagnosis there were 27 3- to 19-year-old diabetic siblings 
(3.2 % ), who were not invited to participate in the study. Thus a 
total of 730 siblings gave their initial blood sample within 
6 months of the diagnosis of the index case, of whom 629 
(86.2 %) were sampled within the first 3 weeks. Forty-six siblings 
(6.3 %) were found to be positive for conventional ICA, five 
(0.7 % ) for IAA only and six (0.8 % ) for both. Of the 52 siblings 
positive for conventional ICA 31 (4.3 % of the total number of si- 
blings) also had complement-fixing ability. The majority of the 
siblings positive for ICA and/or IAA were girls (n = 33, 57.9 % ). 
The mean age of the subjects was 9.1 (4.0; SD) years and the 
range varied from 1.1 to 18.9 years. The 57 siblings came from 52 
families. Two girls were half-sisters of their respective proband. 

All 57 siblings were observed from the initial sampling to the 
end of April 1992 unless IDDM was diagnosed before that date. 
Observation of those siblings who contracted the disease ended 
at diagnosis. The diagnosis was based on (a) clinical symptoms 
and an increased random blood glucose concentration 
( > 10 mmol/1) or (b) an elevated fasting ( > 6.7 mmol/1) or ran- 
dom blood glucose level ( > 10 mmol/1) on two occasions in the 
absence of symptoms [13]. The median observation period was 
46.5 months, ranging from 0.5 to 69 months. Blood samples were 
obtained at 6-month intervals over the first 2 years and at 12- 
month intervals thereafter. All 57 siblings were invited for se- 
quential IVGTTs at 6-month intervals over the initial 2 years and 
at 12-month intervals thereafter. Forty-four of the 57 siblings 
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(77 %) participated in at least one IVGTT. A total number of 162 
tests were performed on these 44 siblings, giving an individual 
median of four tests (range 1-8). The median observation period 
was 8.5 months (range 1.5-30 months) at the time of the first 
IVGTT, 15 months (range 3.5-36 months) at the second test, 
21 months (range 14.5-50 months) at the third and 30 months 
(range 20.5-60 months) at the fourth test. 

ICA were determined by a standard immunofluorescence 
method from sections of frozen human group O pancreas [14]. 
The antibodies were identified by both the conventional indirect 
method and the complement fixation test. Fluorescein-con- 
jugated rabbit anti-human IgG or rabbit anti-human C3 c (Beh- 
ringwerke, Marburg, Germany) was used to detect ICA. End- 
point dilution titres were examined for the positive samples and 
the results were expressed in JDF units for conventional ICA 
relative to an international reference standard [15]. The detec- 
tion limit was 2.5 JDF units. The titres of the complement-fixing 
ICA were converted into JDF units with a standard curve based 
on the international reference standard used for conventional 
ICA with the assumption of a complement-fixing ICA level of 80 
JDF units in the undiluted reference serum. The detection limit 
was 10 JDF units for complement-fixing antibodies. Our labora- 
tory has participated in the international workshops on stand- 
ardization of the ICA assay, in which its sensitivity was 100 %, 
specificity 98 %, validity 98 % and consistency 98 % in the fourth 
round. IAA were measured by a modification of the liquid phase 
radioimmunoassay originally described by Palmer et al. [16], the 
serum samples being extracted with acid charcoal before the 
assay to remove insulin. Of the extracted serum 80 gl was incu- 
bated with mono-125I(TyrA14) human insulin (specific activity 
200-300 mCi/mg; Novo Research Institute, Bagsvaerd, Den- 
mark) for 20 h. Free and bound insulin fractions were separated 
using polyethylene glycol, and the results were expressed in 
terms of bound radioactivity in the precipitate as a percentage of 
the total count in the assay. The intra-assay coefficient of vari- 
ation was less than 5 % and the inter-assay variation less than 8 % 
for IAA levels between 3-10 %. The mean (SD) value for the 
binding of monoiodinated human insulin in 100 non-diabetic 
subjects was 1.56 (0.28)%. A sibling was considered to be posi- 
tive for IAA if insulin binding exceeded 2.4 % (mean + 3 SD for 
the non-diabetic population). Our laboratory has been partici- 
pating in international workshops on standardization of IAA as- 
says and in the proficiency testing programme for several years 
and achieved a sensitivity of 78 %, a specificity of 100 %, a va- 
lidity of 92 % and a consistency of 100 % in the first proficiency 
testing programme. The IVGTTs were performed as follows: the 
recommended duration of the preceding fast was 10-16 h and 
the glucose dose 0.5 g/kg. The duration of glucose infusion was 
close to 3 min ( + 15 s). Blood samples were taken before glucose 
infusion (0 min) and 1, 3, 6, 10, 20, 30, 40, 50 and 60 rain after it 
had ended. Blood glucose concentrations were measured by the 
glucose oxidase method [17]. Serum insulin levels were analysed 
radioimmunologically [18]. The FPIR was evaluated by (a) the 
sum of serum immunoreactive insulin concentrations at 1 and 
3 min and (b) the area under the curve for insulin for the first 
10 rain. The intra-individual coefficient of variation for FPIR 
(1 + 3 min) was found to be 24% in 10 non-diabetic siblings ne- 
gative for ICA and IAA who underwent four sequential 
IVGTTs with an interval of 4-8 months. 

Statistical analysis 

The results were evaluated statistically by cross-tabulation with 
chi-square statistics for distributions; in the case of normally dis- 
tributed variables linear regression analysis (r) for correlation 
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Table 1. Clinical, autoimmune and metabolic characteristics at 
initial screening of those siblings who progressed to clinical 
IDDM (converters) and of those who remained non-diabetic 

Converters Non-diabetic 
(n = 17) (n = 40) 

Sex (male/female) 7/10 17/23 

Age (years) 7.1 + 0.7 9.8 + 0.7* 

ICA (JDF units) 
Conventional 160 (10-320) 10 (0-640)** 
Complement-fixing 40 (0-320) 0 (0-640)* 

IAA (% insulin binding) 1.5 (1.2-4.1) 1.6 (1.2-14.4) 

FPIR: 
Sum of insulin 35.8 + 7.1 97.2 + 10.1"** 
at 1 and 3 min (mU/l) (n = 13) (n = 31) 

Areaunder the 99.1 + 29.3 307.6 + 37.0*** 
curve 0-10 min (mU/1. min) (n = 13) (n = 31) 

Glucose elimination rate 1.69 + 0.26 1.88 _+ 0.13 
(% /rain) 

Values are shown as either mean + SEM or medians (range). 
*P<O.05; **P<0.01; ***P<0.001 

analyses, Student's unpaired t-test for comparisons between two 
groups and one-way analysis of variance for repeated measures 
for comparing FPIRs and glucose elimination rates over time 
within a group and in the case of unequally distributed variables 
Spearman's non-parametric correlation analysis (rs), the Mann- 
Whitney U test for comparisons between two groups and the 
Kruskall-Wallis one-way analysis of variance for comparing ICA 
and IAA levels at various time points within one group. Multiple 
regression analysis was used to identify factors explaining the 
variation in the duration of time to diagnosis. 

Results 

By the end of Apri l  1992, 17 siblings (29.8 %)  f rom 16 
families had presen ted  with clinical signs of I D D M ,  the 
observed durat ion of  the preclinical per iod ranging 
f rom 0.5 to 51 months  (median 29 months) .  Thei r  mean  
age at the t ime of diagnosis was 9.3 (3.8) years (range 
3.1-15.2 years). Fif teen conver ters  came f rom families 
where  the index case was the first diabetic individual, 
while one  had in addit ion a fa ther  with I D D M  and an- 
other, two diabetic siblings at the diagnosis of  the prob-  
and. The re  was no difference in sex distribution be- 
tween the converters  and the remaining non-diabet ic  
children, but  the fo rmer  were significantly younger  
(Table 1) and had higher  levels of bo th  convent ional  
and complement-f ixing I C A  at initial screening. In ad- 
dition, they had a significantly reduced  F P I R  in their  in- 
itial IVGTT.  The re  was no difference be tween  the two 
groups in the initial I A A  levels or glucose el imination 
rates (Table 1). Two of the 673 siblings (0.3 %)  initially 
negative for IC A and I A A  progressed to clinical 
diabetes by the end of Apri l  1992. 

Of  the 33 siblings who initially had convent ional  
ICA  of 20 JDF  units or more  (48.5 %)  16 presen ted  
with I D D M  during the observat ion period.  Increasing 
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Fig.1. Conventional and complement-fixing ICA in those si- 
blings who progressed to IDDM ( 1 )  and those who remained 
non-diabetic ([-]) during the observation period. The results are 
expressed as box plots: the horizontal line within each box 
denotes the median, while the upper and lower ends mark the 
75th and 25th percentiles respectively. The converters had 
higher levels of both conventional (P < 0.01 or less) and comple- 
ment-fixing (P < 0.05 or less) ICA than the non-diabetic siblings 
on all occasions. The levels of complement-fixing ICA were 
higher at 18 months than at the beginning in the converters 
(P < 0.05) The number of subjects (n) in each group at various 
points is indicated below the lowerpanel 

the cut-off level to 80 JD F  units or more  resul ted in 13 
of 22 siblings (59.1% ) present ing with ID D M.  All nine 
siblings with an initial F P I R  (sum of insulin at 1 and 
3 rain) lower than 35 mU/1 progressed to clinical dis- 
ease, as did seven of 13 (53.9 %)  siblings with an in- 
itially re ta rded  glucose el imination rate. 

The  conver ters  had significantly higher  levels of con- 
vent ional  ICA  than the non-diabet ic  siblings on  all sub- 
sequent  occasions (Fig. 1), and no significant change 
could be observed  in these ant ibody levels with t ime in 
ei ther  group. The  levels of complement-f ixing I C A w e r e  
also higher in the converters  at all t ime points tested 
(Fig. 1) and increased significantly f rom their  initial 
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Fig.2. First phase insulin response (FPIR) and glucose elimina- 
tion rate in four sequential IVGTTs in those siblings who pro- 
gressed to clinical IDDM (m) and those who remained non- 
diabetic (El). The results are given as mean + SEM. The FPIR 
is expressed as the sum of insulin at 1 and 3 min. The converters 
had a lower FPIR (P < 0.05 or less) on all occasions than the non- 
diabetic siblings and a slower glucose elimination rate in the 
third (P < 0.01) and fourth tests (P < 0.001). The number of sub- 
jects (n) in each group at various points is indicated below the 
lower panel 

level up to 18 months among the converters. No signifi- 
cant differences could be seen in the concentrations of 
IAA between the two groups over the first 2 years, but at 
3 years the converters had significantly higher levels 
[median 2.41% (interquartile range 1.67-3.83 %) vs 
1.85 % (1.45-2.05 % ); P < 0.05] and showed a significant 
increase in IAA binding over the first 3 years [from a 
median of 1.50 % (interquartile range 1.40-1.80 % ) to 
2.41% (interquartile range 1.67-3.83 %); P < 0.01]. 

The converters had a lower FPIR than the siblings 
who remained non-diabetic in all tests. When the 
evaluation was based on the sum of insulin at 1 and 
3 rain (Fig. 2) no further reduction could be seen with 
time, while the area under the curve increased initially 
significantly from the first test to the second one, but 
decreased in the fourth test to a level even lower than in 
the first test (Fig. 3). The glucose elimination rate de- 
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Fig.3. Individual FPIRs expressed as the area under the curve 
for the first 10 rain in 13 siblings who manifested IDDM during 
the observation period�9 The subject with the highest FPIR on all 
occasions was an initially 10-year-old obese boy with a relative 
weight of 151%. P < 0.05 for I vs II, I vs IV and II vs IV 

creased significantly with time in the converters 
(Fig. 2), whereas it remained unchanged in the non- 
diabetic siblings. This resulted in reduced values in the 
converters in the third and fourth IVGTTs. 

No significant correlation could be observed be- 
tween the duration of the preclinical period, the FPIR 
and IAA levels at the first screening (r = 0.27, NS) 
when the dual parameter model [8] for predicting the 
time to diagnosis was tested retrospectively in all 13 si- 
blings who had been evaluated for both variables in the 
preclinical period and later presented with the disease. 
No meaningful and statistically significant predictive 
model could be developed for the converters. The dur- 
ation of the disease-free follow-up period for the entire 
group was inversely related to initial levels of conven- 
tional ICA (is = -0.36; P < 0.01) and IAA (rs = -0.28; 
P < 0.05). There was a positive correlation between the 
duration of this period and the initial early insulin re- 
sponse (rs = 0.32; P < 0.05). 

Discussion 

The present data demonstrate that close to one-third of 
the ICA and/or IAA positive siblings of children with 
IDDM will present with the disease within 4 years of 
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the diagnosis of the index case, and that younger high 
risk siblings seem to have a greater risk of contracting 
the disease than older ones. This latter observation 
may be due to the relatively short observation period so 
far, since there are indications that younger children 
progressing to clinical diabetes have an accelerated and 
more aggressive process of beta-cell destruction than 
older children and young adults [19-21]. Thus our 
study series may include some older siblings who may 
later develop manifest IDDM. 

Our observations support the findings of previous 
family surveys that persistently high ICA levels are 
strong predictive markers of future IDDM among first- 
degree relatives [7, 10, 11, 22], since about half of the si- 
blings with initial conventional ICA of 20 JDF units or 
more progressed to clinical disease during the observa- 
tion period. Also a significant increase in the levels of 
complement-fixing ICA could be observed in the con- 
verters over the first 18 months, possibly reflecting 
augmented islet-cell specific autoimmunity. In agree- 
ment with the findings of Thivolet et al. [22], IAA seem 
to add little to the predictive value of ICA. Of six si- 
blings initially positive for both ICA and IAA three 
(50 %) contracted diabetes, a proportion which was not 
significantly different from that found in the exclusive- 
ly ICA positive siblings, 14 of 46 (30.4 %), while none of 
the five siblings who had only IAA presented with dis- 
ease. The increase in IAA levels seen in the converters 
after observation for 3 years supports the view that 
these autoantibodies appear relatively late in the pre- 
clinical period [23]. 

A reduced early insulin response to i. v. glucose has 
been found to be a strong predictive marker of IDDM 
in first-degree relatives [7, 24], especially in children 
[25]. The present data confirm the predictive power of 
a decreased FPIR by showing a positive predictive 
value of 100 % for an initial first phase response lower 
than 35 mU/1, when based on the sum of insulin at 1 and 
3 min. In addition the converters had a lower early in- 
sulin response in the first test compared to those who 
remained non-diabetic. The FPIR was not significantly 
related to the time to diagnosis in the converters, how- 
ever, and could accordingly not be used to predict the 
duration of the preclinical period, as suggested in some 
previous reports [8, 24]. 

No further decrease in the initially reduced early in- 
sulin response could be observed with time in the con- 
verters as a group, when expressed as the sum of insulin 
at 1 and 3 min. Several individuals showed a consider- 
able fluctuation in their response during the preclinical 
period, with transient reversal of the reduced initial re- 
sponse to a low normal value in some subjects. When 
the early insulin response was expressed as the area 
under the curve for the first 10 min there was initially 
an increase in the converters followed by a reduction, 
whereas no significant changes could be seen in the 
non-diabetic siblings. The longest interval between the 
observation of a reduced early insulin response and 
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clinical manifestation of IDDM was 48 months. These 
observations are compatible with the hypothesis of 
multiple impacts on the beta cells resulting in a destruc- 
tive process that progresses step-by-step towards ulti- 
mate total beta-cell loss [26]. The results do not support 
the idea of a linearly progressive beta-cell destruction. 

No significant difference in the glucose elimination 
rate was observed between the converters and the non- 
diabetic siblings in the initial IVGTT. This indicates 
that the converters had normal glucose tolerance at this 
stage, but experienced a decrease in glucose elimina- 
tion rate with time resulting in significantly retarded 
elimination from the third test onwards. This implies 
that glucose intolerance is a late phenomenon in the 
preclinical process. 

A clinically rational predictive model for IDDM 
proved unattainable in the present population despite 
considerable efforts to develop such a model. The ap- 
plication of the dual parameter model [8] resulted in a 
poor prediction of the time to diagnosis of diabetes. 
The relationships between the duration of the disease- 
free period, the initial levels of ICA and IAA and the 
initial FPIR were relatively weak and could only ex- 
plain a small proportion of the variation in the length of 
this period. This indicates that the natural history of 
preclinical diabetes comprises a wide spectrum of indi- 
vidual disease processes even in high risk first-degree 
relatives. This may complicate the identification of 
those progressing to clinical disease at a stage when 
their insulin secreting capacity is still adequate for 
maintaining normoglycaemia. 

The extent to which observations made in first-de- 
gree relatives of diabetic subjects can be applied to the 
vast majority of sporadic cases has been questioned, 
since only 10-20 % of newly-diagnosed diabetic chil- 
dren have another family member with IDDM [27, 28]. 
On the other hand, there are no indications that the pa- 
thogenesis of familial IDDM should differ from the 
process in sporadic disease, although familial cases 
have been shown to have milder metabolic derange- 
ments and a better preserved beta-cell function at diag- 
nosis than the sporadic ones [28]. This is probably due 
to higher awareness of diabetic symptoms and conse- 
quently an earlier hospitalization in familial cases. 

In conclusion, progression to clinical IDDM in high 
risk siblings is associated with young age, high and in- 
creasing ICA levels, increased IAA binding, reduced 
insulin secretion and deteriorating glucose tolerance. 
None of these characteristics discriminates completely 
between the siblings who presented with clinical dis- 
ease and those who remained non-diabetic, however. 
This may reflect substantial individual variation in the 
disease process and may imply that linearly progressive 
beta-cell destruction is the exception rather than a 
common phenomenon in preclinical IDDM. 
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