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Summary Due to a short observation period previous 
studies may have underestimated prevalence and re- 
currence risk of IDDM in relatives of IDDM patients. 
To obtain a more exact life-time risk estimate we iden- 
tified 310 probands, representative of Danish IDDM 
patients, characterized by current age more than 
50 years, age at onset 40 years or less and diabetes du- 
ration of more than 30 years. Family data were ob- 
tained from 291 probands. Mean "observation" times 
(age) (+  SD) for siblings (n =553) and offspring 
(n = 359) were 59.4 + 16.1 years and 33.8 + 8.8 years, 
respectively. Of the probands 73 (25.1%) had at least 
one first-degree relative with IDDM. Seventeen per- 
cent had at least one affected sibling. An increase from 
10.4 % to 22.4 % of having first-degree relatives with 
IDDM among probands with age at onset below 
20 years was observed during the period from proband 

at age 21 years up to 1 September 1992. Among af- 
fected siblings 48 % of the second cases were affected 
more than 10 years after the first affected sibling. Using 
the life-table method cumulative recurrence risks from 
time of birth were calculated for siblings up to age 
30 years of 6.4 % and up to age 60 years of 9.6 %. For 
offspring the risk up to age 34 years was 6.3 %. In addi- 
tion, we present a life-table method evaluating the cu- 
mulative recurrence risk from time of onset in the pro- 
band, as this is the most relevant when giving genetic 
counselling. In conclusion, the long-term risks of 
IDDM in siblings and offspring are high compared to 
that shown in previous reports. [Diabetologia (1994) 
37: 321-327] 
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The aetiology of IDDM is still rather poorly under- 
stood. The major genetic predisposition is conferred by 
HLA-class II genes [1-3] but genes outside this region 
may also confer susceptibility [4-8]. Furthermore, en- 
vironmental factors are thought to be important for the 
initiation of the disease [9-11]. Epidemiological studies 
may be helpful in increasing our understanding of 
IDDM and are essential for generation of preventive 
and interventive strategies aimed at the eradication of 
the disease. When studying familial aggregation of 
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IDDM the composition and representativeness of the 
study population are obviously important for allowing 
direct comparisons between results from different re- 
gions and centres. 

Several studies have reported the prevalence of 
IDDM patients having affected first-degree relatives 
within a range of 5 to 19 % [13-24]. However, many of 
these studies are not directly comparable, primarily due 
to methodological differences. Often, the study popu- 
lations comprised only children or adolescent probands 
[13,15,18,19, 21,24], were designed as incidence studies 
[15,16,18], had short follow-up periods and/or only two 
generations were studied. In addition, marked differen- 
ces in incidence rates of IDDM between racial groups 
and countries have been reported [15, 25-28] and may 
be partly responsible for the variation in the results. 

For members of affected families an estimate of risk 
of IDDM is an important issue. Published estimates of 
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Tnble 1. Characterization ofprobands and relatives 

T. Lorenzen et al.: Long-term risk of IDDM 

Total Familial Sporadic 
Probands 
n 291 73 218 
Sex (male: female) 155:136 40:33 115 : 103 
Age (years) 63 (51-85) 64 (51-85) 63 (51-85) 
Age at onset (years) 22 (1-40) 23 (1-37) 21 (2-40) 
Duration of IDDM (years) 40 (30-70) 42 (31-70) 40 (30-69) 

Relatives 
Mean "observation" time (years) 

per sibling 59.4 _+ 16.1 57.4 + 17.3 60.5 + 15.3 
per offspring 33.8 + 8.8 34.1 + 9.4 33.7 + 8.5 

Allpc-values > 0.3 for comparisons between familial and sporadic groups 

risks for  siblings to  p robands  with I D D M  vary  consi- 
derably. In  a previous  Dan i sh  s tudy [29], risks for  sib- 
lings of  6.9 % up  to age 40 years  and of 15.9 % up to 
age 70 years  were  repor ted .  However ,  this s tudy gave  
no in fo rmat ion  on  insulin t r e a t m e n t  for  the af fec ted  
relatives.  O t h e r  studies on Caucaso id  popula t ions  ob- 
served risks of  5.6 % up to  age 16 years  [30], 5.5 % up to 
age 40 years  [14], 6.6 % up to age 80 years  [31], 7.6 % up 
to age 25 years  [32], 4.4 % up to age 30 years  [13], 6.3 % 
up to age 30 years  [33] and  12.5 % up to age 30 years  
[19]. To our  knowledge  only two studies have  es t imated  
recur rence  risks to offspr ing of  p robands  with I D D M .  
Using the l i fe- table m e t hod ,  Degnb01 and G r e e n  [29] 
calculated risks of  2.8 % up to age 20 years  and of 5.4 % 
up to age 35 years  while Tillil and  K t b b e r l i n g  [31] esti- 
m a t e d  a recur rence  risk of  4.9 % up  to age 80 years.  

The  a im of the p resen t  s tudy was to assess the 
p resence  of  I D D M  a m o n g  f i rs t -degree  relat ives of  pa-  
t ients with long- te rm I D D M  and to assess ep idemio-  
logical characteris t ics  of  the  included pat ients  and their  
f i rs t -degree  relatives.  

Subjects and methods 

All patients with IDDM alive on 1 September 1992, charac- 
terized by current age more than 50 years, age at onset 40 years 
or less and diabetes duration of more than 30 years attending the 
Steno Diabetes Center were identified for the present study. Pa- 
tients fulfilling these inclusion criteria were asked to complete a 
questionnaire requesting the following information: age at onset 
of IDDM, age and gender of all full-siblings and offspring, and if 
any of these relatives was deceased, their age at the time of 
death. We asked whether any of their first-degree relatives had 
been diagnosed with IDDM and if relevant, the year of onset. 
Questionnaires returned incomplete were followed-up with in- 
terviews. 

The diagnosis of IDDM in the probands was established 
using the following criteria: age at onset 40 years or less, lean 
body weight and insulin requirement since the time of diagno- 
sis [34]. 

Diabetic first-degree relatives were included if they also ful- 
filled the above criteria. In relatives, if the age at onset was more 
than 40 years, the diagnosis was established based on additional 
information concerning proneness to ketosis and low body 
weight at the time of diagnosis. 

The study was approved by the Ethics Committee of the 
County of Copenhagen. Informed consent was obtained from all 
patients. 

Statistical analysis 

Results are expressed as median and range. The Mann-Whitney 
test was used to compare the medians of two groups for inde- 
pendent continuous variables. For independent categorical vari- 
ables, the chi-square test was used to compare proportions: 

Recurrence risks for siblings and offspring were calculated. 
Using the life-table method (Nelson) + SE, risks were calcu- 
lated for every age (expressed in years) as number of cases per 
number of persons at risk. The cumulative risk was calculated by 
addition of the risk values from age i year up to several different 
ages. The life-table analyses were performed by two different 
methods: a) recurrence risk was estimated with a fixed starting 
point at the time of birth in siblings and offspring, respectively, 
and b) life tables were based only on events and time at risk after 
onset in the proband. For comparison of incidence rates the log- 
rank test was used. 

The level of statistical significance was chosen to be 0.05 
(two-tailed). When multiple comparisons were performed be- 
tween groups, p-values were multiplied by the number of com- 
parisons (Pc). 

Results 

The  inclusion criteria were  fulfilled by  310 patients.  
Ques t ionna i res  were  dis t r ibuted to t hem and were  re- 
tu rned  f rom 296 pat ients  result ing in a par t ic ipat ion  
ra te  of  95.5 %.  Five pat ients  were  excluded due to in- 
comple te  data ,  which could not  be  ob ta ined  on follow- 
up interview. In  10 families it was not  possible  to estab-  
lish the exact  b i r th  order  of  individuals with I D D M  
within the  families. However ,  thei r  ques t ionnai res  were  
comple te  according to  the  remain ing  data  and thus, 
these cases were  not  excluded. In  two sibling pairs  bo th  
had  comple t ed  the ques t ionnai re  and these families 
were ,  therefore ,  included twice. Fo r  the final da ta  
analysis 291 pat ients  were  included. Seventy- th ree  
(25 .1%)  of these had  at least  one  f i rs t -degree relat ive 
with I D D M  and were  re fe r red  to as familial  p robands ,  
whereas  218 were  sporadic  p robands  (i.e. pa t ients  with 
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Table 2. Characterization of probands and relatives according to age at onse t in probands 
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Age at onset < 20 years Age at onset > 20 years 

Familial Sporadic Familial Sporadic 

Probands 
n 28 97 45 121 
Sex (male :female) 18 : 10 49:48 22:23 66: 55 
Age (years) 59 (51-77) 57 (51-82) 67 (54-85) 66 (52-85) 
Age at onset (years) 13 (1-19) 13 (2-19) 28 (31-37) 28.5 (20-40) 
Duration of IDDM (years) 49 (35-70) 46 (31-69) 38 (31-60) 36 (30-65) 

Relatives 
Mean "observation" time (years) 

per sibling 55.1 + 16.1 56.4 + 13.1 59.0 + 17.4 63.8 _ _  15.4 b 
per offspring 31.5 + 10.5 28.6 -+ 7.5 a 36.0 + 7.4 37.7 + 6.5 

a Pc = 0.06 and b Pc = 0.04 for comparison of familial and sporadic cases. All otherpc-values > 0.5 for comparisons between familial and 
sporadic groups 

Table 3. Comparison of data for probands with age at onset below 20 years with data from a nationwide population-based survey of 
childhood and adolescence patients 

Prevalence of probands having 

Present study Pociot et al. [24] 

A B C Bvs C 
At present At age 21 Up to age 21 p -values a 

Affected first-degree relatives 22.4 % 
Affected siblings 15.2 % 
Affected parents 4.8 % 
Affected offspring 7.2 % 
More than one affected first-degree relative 8.0 % 

10.4 % 12.8 % 0.54 
8.0 % 5.0 % 0.23 
4.8 % 9.0 % 0.20 

3.2 % 1.3 % 0.20 

a uncorrected 

no affected first-degree relatives). A m o n g  sporadic 
probands 79 (37 %) had no siblings and/or no offspring, 
thus not  being fully informative families. They are, 
however, considered "sporadic" in the present study. 

A m o n g  all probands the male :female ratio was 1.14 
(155: 136) (p = 0.48). The median age of the probands 
was 63 years (51-85), median age at onset  was 22 years 
(1-40), and median durat ion of I D D M  was 40 years 
(30-70). No differences were observed between fami- 
lial and sporadic cases (Table 1). Mean  "observat ion" 
time (age) ( + SD) from time of birth until 1 September 
1992 or until t ime of  death,  was 59.4 + 16.1 years in sib- 
lings and 33.8 + 8.8 years in offspring, and significant 
differences were not observed between the familial and 
the sporadic groups (Table 1). 

None of the affected offspring had been diagnosed 
at age older than 40 years (range 2-34 years). Of the in- 
sulin-treated siblings and parents affected at age more 
than 40 years, eight siblings (range 45-60 years) and 
three parents  (range 42-56 years), all from different 
families, fulfilled our criteria for I D D M  in relatives. In 
four of these families, the proband had at least one 
more affected first-degree relative with age at onset at 
40 years or less. Thus, seven of 73 familial probands 
(9.6 %) had a first-degree relative with age at onset 
after 40 years of age as the only affected relative. The 
number  of probands without  offspring was not diffe- 
rent between the two groups (p = 0.78). 

The prevalence of familial I D D M  was 25.1% (73: 
291). If only affected siblings and offspring to the pro- 
bands were included the prevalence was 21.6 %. 

Familial probands were further characterized. 
Eleven probands (3.8%) had a father with IDDM,  
whereas seven (2.4 %) had an affected mother  (p = 
0.47). Forty-eight probands (16.5 %) had at least one 
sibling with IDDM.  Nineteen probands (6.5 %) had an 
offspring with IDDM. In nine families, three siblings 
were affected and in two families, four siblings were af- 
fected. In total, 18 probands (6.2 %) had more than one 
affected first-degree relative. 

In the diabetes concordant  siblings we observed sig- 
nificant differences between median age at onset for 
index cases (first affected sibling in a family) and sec- 
ond cases: 19 years (1-32) vs 28 years (10-60), (p < 
0.0001). Of  second cases in these sibling pairs, 48 % 
were affected more than  10 years after the index case. 
Median age at onset for third cases (n = 9) was 30 years 
(12-55) and for fourth cases (n = 2) 43.5 years (35 and 
52 years). In 27 of 46 (58.6 %) affected sibling pairs 
(index-case and second case), the proband was identi- 
cal with the index case. 

Probands were grouped according to age at onset in 
intervals of 1-19 years and 20-40 years, respectively 
(Table 2 ) . A  significant difference in "observat ion" 
time for siblings of probands with age at onset of more  
than 20 years was observed (Pc = 0.04). The longest 
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Table 4. Cumulative recurrence risk of IDDM in siblings 
(n = 553) and offspring (n = 359) from the time of birth 

Age (years) Cumulative risk for Cumulative risk for 
siblings % (SE) offspring % (SE) 

2 0.2 (0.2) 0.8 (0.5) 
3 0.4 (0.3) 0.8 (0.5) 
4 0.6 (0.3) 1.1 (0.6) 
5 0.7 (0.4) 1.1 (0.6) 
6 0.9 (0.4) 1.4 (0.6) 
8 0.9 (0.4) 1.7 (0.7) 
9 0.9 (0.4) 2.0 (0.8) 

10 1.1 (0.5) 2.3 (0.8) 
11 1.1 (0.5) 2.6 (0.9) 
12 1.3 (0.5) 2.6 (0.9) 
14 1.5 (0.5) 2.9 (0.9) 
15 1.7 (0.6) 3.2 (1.0) 
17 1.9 (0.6) 3.2 (1.0) 
18 2.5 (0.7) 3.2 (1.0) 
19 2.6 (0.7) 3.2 (1.0) 
22 2.8 (0.7) 3.2 (1.0) 
23 3.0 (0.8) 3.2 (1.0) 
24 3.6 (0.8) 3.8 (1.1) 
25 4.2 (0.9) 3.8 (1.1) 
28 4.4 (0.9) 3.8 (1.1) 
29 4.8 (1.0) 4.6 (1.2) 
30 6.4 (1.1) 4.6 (1.2) 
32 6.6 (1.1) 4.6 (1.2) 
34 6.6 (1.1) 6.3 (1.5) 
35 7.1 (1,2) 
37 7.3 (1.2) 
38 7.5 (1.2) 
45 7.7 (1.2) 
50 8.2 (1.3) 
51 8.4 (1.3) 
55 9.0 (1.4) 
56 9.2 (1.4) 
60 9.6 (1.4) 

All values are given with an accuracy of I year. Only age groups 
where cases were reported are shown 

"observation" time was found for siblings to sporadic 
cases. No other statistically significant differences in 
epidemiological characteristics between familial and 
sporadic cases were found (Table 2). The prevalences 
of affected first-degree relatives in the two groups were 
similar (22.4 % and 28.8 %; p = 0.42) and we found no 
difference in prevalence of I D D M  for parents, siblings 
and offspring (data not shown) between familial and 
sporadic cases. No statistically significant differences in 
risks to first-degree relatives of probands with age at 
onset before and after 20 years of age were observed 
(data not shown). 

Data for probands with age at onset below 20 years 
were compared to data from a recent nationwide sur- 
vey of Danish childhood and adolescence patients [24] 
(Table 3). In that study according to the inclusion crite- 
ria the probands were aged 0-20 years. At age 21 years 
of the probands from the present study, the prevalence 
of probands having first-degree relatives with IDDM 
was 10.4 %, not statistically different from that of 12.8 % 
in the recent study of young probands [24], (p = 0.54). 

T. Lorenzen et a!.: Long-term risk of IDDM 

Table 5. Cumulative recurrence risk of IDDM in siblings 
(n = 506) and offspring (n = 355) from time of diagnosis in the 
proband 

Age (years) Cumulative risk for Cumulative risk for 
siblings % (SE) offspring % (SE) 

2 0.0 (0.0) 0.7 (0.5) 
5 2.0 (2.1) 0.7 (0.5) 
6 2.0 (2.1) 1.0 (0.6) 
8 2.0 (2.1) 1.3 (0.7) 
9 2.0 (2.1) 1.7 (0.7) 

10 3.1 (2.3) 2.0 (0.8) 
11 3.1 (2.3) 2.3 (0.9) 
14 3.9 (2.4) 2.6 (0.9) 
15 3.9 (2.4) 2.9 (1.0) 
17 4.4 (2.5) 2.9 (1.0) 
18 5.5 (2.6) 2.9 (1.0) 
22 6.0 (2.7) 2.9 (1.0) 
24 6.8 (2.7) 3.5 (1.1) 
25 7.1 (2.7) 3.5 (1.1) 
28 7.4 (2.8) 3.5 (1.1) 
29 8.1 (2.8) 4.3 (1.1) 
30 9.3 (2.9) 4.3 (1.1) 
32 9.6 (2.9) 4.3 (1.1) 
34 9.6 (2.9) 6.0 (1.5) 
35 10.1 (2.9) 
38 10.4 (2.9) 
45 10.6 (2.9) 
50 11.1 (2.9) 
51 11.3 (3.0) 
55 11.9 (3.0) 
56 12.2 (3.0) 
60 12.5 (3.0) 

All values are given with an accuracy of 1 year. Only age groups 
where cases were reported are shown. Example of calculating 
risk from time of onset in the proband: if a sibling to a newly di- 
agnosed patient is 10 years old, his risk of developing IDDM up 
to age 45 years is calculated by subtraction of the cumulative risk 
estimate at age 9 years from the value at age 45 years. Result: 
10.6 % - 2.0 % = 8.6 %. The incidence can be transformed to a 
probability using the formula 1 -exp-incidence, which in this ex- 
ample results in a value of 8.2 % 

Recurrence risk of IDDM in the family was esti- 
mated by use of life tables. The families in which it was 
not possible to establish the exact birth order of all 
siblings and offspring were not included. The total 
sample included 553 siblings (46 with IDDM) and 359 
offspring (18 with IDDM).  In the life tables which 
were designed to estimate cumulative recurrence risks 
from time of onset in the proband, 47 siblings and 4 
offspring were excluded because they were deceased 
and/or diagnosed before onset of IDDM in the pro- 
band. Thus, in these risk calculations were included 
506 siblings and 355 offspring of whom 29 and 16, re- 
spectively, were affected during the observation peri- 
od. In siblings the cumulative recurrence risk from 
time of birth up to age 30 years was 6.4 + 1.1% and up 
to age 60 years, 9.6 + 1.4 %. For offspring the cumula- 
tive recurrence risk was 6.3 + 1.5% up to age 34 
(Table 4). Estimated from time of onset in the pro- 
band the cumulative recurrence risk in siblings was 



T. Lorenzen et al.: Long-term risk of IDDM 

12.5 + 3.0 % up to age 60 years in siblings and in off- 
spring the recurrence risk up to age 34 years was 
6.0 + 1.5 % (Table 5). 

Discussion 

We have collected information on familial data from 
291 patients with IDDM characterized by current age 
more than 50 years, age at onset 40 years or less and 
diabetes duration of more than 30 years. Previous 
studies have shown [35] that this population can be re- 
garded as representative of Danish IDDM patients. 

Mean "observation" times (+  SD) in siblings and 
offspring were 59.4 _+ 16.1 years and 33.8 + 8.8 years, 
respectively, thereby providing opportunity to deter- 
mine the long-term risk of IDDM in siblings and off- 
spring. 

The diagnosis of IDDM was established on the crite- 
ria of age at onset at 40 years or less, insulin require- 
ment since the time of diagnosis and clinical evaluation. 
This definition is based on a prospective study per- 
formed by Agner et al. [34] at the Steno Diabetes Cen- 
ter. They found that patients diagnosed before the age 
of 40 years and clinically evaluated as IDDM patients 
had fasting C-peptide levels indicating insulin-depen- 
dency 18 months after diagnosis. First-degree relatives 
with age at onset of more than 40 years were included 
only if they had required insulin since the time of diag- 
nosis in addition to proneness to ketosis and low body 
weight at the time of diagnosis. 

We found tha t  the probands in the present study 
were older at the time of diagnosis (22 years) compared 
to other studies [12, 13, 15, 19, 21, 23, 24, 30, 33]. One 
obvious reason might be the inclusion criteria. Age at 
onset was defined as a range of 0-40 years in contrast to 
most other studies, in which the upper limit is lower. 
However, in a subpopulation comprising probands with 
age at onset below 20 years, the median age at onset 
(13 years) was higher compared to that found in a recent 
Danish study [24] of young probands with age at onset 
less than 20 years (median 9 years, range 0-19 years). 
Low age at onset is associated with development of 
nephropathy, cardiovascular diseases and increased 
mortality [35]. Thus, another possible explanation for 
the observed higher age at onset in the present study is, 
that more patients with low age at onset were deceased 
by i September 1992 due to complications. 

The prevalence of probands with at least one first- 
degree relative affected with IDDM was 25.1%. This 
value is higher than reported in previous studies. We 
found the prevalence of probands having affected par- 
ents to be low compared to most other studies [18, 23, 
24] probably due to the fact that the probands were 
born in the early part of this century during which the 
likelihood of diabetic patients having children, espe- 
cially women, was small. If the parent generation was 
excluded the prevalence of  probands with affected 
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first-degree relatives was 21.6 %. This was primarily 
due to a high number of probands with affected siblings 
(16.5 %) compared to other studies [12-14, 18, 24]. Ac- 
tuarial analysis of the present material demonstrated 
that this was due to a significant risk for developing 
IDDM late in life. In sibling pairs concordant for 
IDDM we found in agreement with previous reports 
[13, 21, 24, 36] that age at onset in index cases was sig- 
nificantly lower than in second cases. In 48 % of the sib- 
ling pairs concordant for IDDM the second case was di- 
agnosed more than 10 years after the index case. This 
observation is in contrast to data from Olmos et al. [37] 
in which 49 non-diabetic identical twins of recently di- 
agnosed IDDM patients were followed for 2 to 24 years 
(median 9 years). Their data indicated that by 12 years 
of follow-up, 34 % of identical twins would have de- 
veloped IDDM and thereafter only 2 % would do so 
[37]. Interestingly, we observed a trend for increased 
risk to siblings of probands with age at onset more than 
20 years, while the opposite was observed for offspring. 
The observation that low age at onset is associated with 
a stronger genetic impact, e.g. as supported by evi- 
dence for stronger HLA-association with younger age 
at onset was not tested in the present study since no ty- 
ping data were accessible. 

To compare the present data with data from a recent 
nationwide study of Danish childhood and adolescence 
patients [24], probands with age at onset below 20 years 
were identified. Of special interest was the increment 
from 10.4 % to 22.4 % in probands having affected first- 
degree relatives diagnosed during the period after the 
probands reached the age of 21years. These data 
strongly suggest that a marked risk of second cases 
exists many years after the first case which is also do- 
cumented by the life-table analysis. 

One of the life-table analyses was designed to allow 
estimation of cumulative recurrence risk from time of 
diagnosis in the proband. In most, if not all, previous 
studies recurrence risk was estimated from time of 
birth. The other approach, however, from a clinical 
point of view seems more relevant, e.g. when giving 
genetic counselling to family members to a newly-diag- 
nosed patient, though it means that a number of indi- 
viduals were excluded from the analysis. 

As a consequence of the study design only families 
with at least one affected member were included in the 
analyses. The families were identified through the 
proband, who was not included in the estimation of re- 
currence risk. It could be suggested that familial cases 
are more likely to be referred to the Steno Diabetes 
Center. However, patients at Steno Diabetes Center 
come from a certain geographic area (the County of 
Copenhagen); approximately 90% of all IDDM pa- 
tients from this defined area are referred to the center. 
Thus, a referral bias is not likely to occur, at least not of 
a magnitude which would influence the estimations of 
the present study. The long duration of IDDM may in- 
fluence the interpretation of the results, since it is well 
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known,  that the morta l i ty  is increased among patients  
with young age at onset  and diabetic nephropathy.  In a 
recent  s tudy [38] on patients  fulfilling inclusion criteria 
identical  to those of  the present  s tudy except  for  
diabetes dura t ion of  at least 10 years and clinical ne- 
phropathy,  the preva lence  of  pat ients  having siblings 
with I D D M  was no t  different  f rom the  cor responding  
prevalence in the  normoa lbuminur ic  control  group.  
Hence ,  these data  do not  suppor t  that  pat ients  with 
severe late complicat ions and early dea th  have fewer  
f irst-degree relatives with I D D M .  Since low age at 
onset  may  be associated with a s t ronger  genetic impact  
[39], it could be hypothes ized  that  pat ients  with young 
age at onset  and ear ly  dea th  may  have more  affected 
relatives. Thus ,  the presence  of I D D M  among  first-de- 
gree relatives of  pat ients  with long- term I D D M  may  be  
even higher  than  we have repor ted .  

We found  the recur rence  risk of I D D M  in the  
families of  the s tudy popula t ion  to be higher  than 
hi ther to  r epor t ed  f rom most  studies [13, 14, 31-33] bu t  
comparab le  to the high value of a recent  r epo r t  f rom 
Allen et  al. [19]. The  cumulat ive recur rence  risk of 
siblings at age 60 years  was es t imated to 9.6 % and in- 
terestingly, we also found  that  the recur rence  risk in 
siblings was significant even after  age 30 years  (3.2 % 
f rom 30 to  60 years).  However ,  in o rder  to  conf i rm 
these findings, fu ture  prospect ive  long- term studies 
dealing with familial p reva lence  and recur rence  risk of 
I D D M  are needed .  
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