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Summary. A total of 614 Jewish patients under the age of 18 
with Type 1 (insulin-dependent) diabetes mellitus, diag- 
nosed in Israel during the period 1 January 1965 to 31 De- 
cember 1979, were identified by exhaustive screening of all 
possible sources. Mortality experience of this cohort was up- 
dated to 31 March 1988 through the Central Population Reg- 
istry and 14 deaths were identified. The ascertainment rate 
for diagnosed cases as well as for deaths is estimated at about 
95%. There was a significantly higher (p < 0.001) by 3.2-fold 
excess mortality relative to the age and sex-adjusted mor- 
tality as expected the general Jewish population in Israel. 
This excess was due to three cause-of-death categories: 
diabetic ketoacidosis (n = 3; p < 0.001), cardiovascular dis- 
eases (n = 3; p < 0.001) and infections (n = 2; p = 0.03). The 
rate of malignancies (n = 2), external causes (n = 3) and 
other general causes (n = 1) did not differ significantly from 

that expected. During the first 15 years of the disease cumu- 
lative mortality resembled that of the general population, 
with a subsequent steep increase so that by 20 years disease 
duration, the rate was four-fold higher than expected. This 
mortality pattern was similar irrespective of age at onset, sex 
and ethnic group (Ashkenazi vs non-Ashkenazi Jews). A fac- 
tor contributing to the lack of increase in mortality rate in the 
first 15 years of Type 1 diabetes may be the comprehensive 
multidisciplinary treatment approach employed for most 
juvenile diabetic patients in Israel leading to early referral 
and an overall better metabolic control. 

Key words: Type i (insulin-dependent) diabetes mellitus, 
mortality rate, mortality causes, diabetes duration, popula- 
tion studies. 

Patients with Type i (insulin-dependent) diabetes melli- 
tus have been found to have an increased mortality rate as 
compared to the general population [1]. However, there 
are few studies relating to the magnitude and causes of this 
excess mortality in diabetes [2-10], and all these were car- 
ried out in selected patient groups and not population 
based cohorts. Only three studies compared the mortality 
from Type 1 diabetes as a distinct entity to that of the 
general population [8-10]. 

The incidence of childhood Type i diabetes in Israel is 
relatively low [11]. The Jewish population in Israel is an 
immigrant population. The areas from which individuals 
or their preceding generations immigrated, delineate two 
major ethnic groups - Ashkenazi (European origin) and 
non-Ashkenazi (Mediterranean and Mid-Eastern origin), 
which are genetically and culturally distinct [12]. The main 
wave of immigration took place in the 1950's, so that the 
vast majority (over 90%) of individuals in the age group of 
18 years or less, were born in Israel. Since the incidence of 
Type I diabetes in the population below age 18 is signif- 
icantly greater by 1.6 fold among Ashkenazi than among 

non-Ashkenazi Jews in Israel [11], it was thought to be 
of interest to compare Type i diabetes mortality in the 
Jewish ethnic groups in Israel. Such comparison could 
shed light on the differential role that genetic and environ- 
mental factors may play in the prognosis of Type 1 
diabetes. 

This study, which was designed to define the mortality 
experience of a national cohort of all Type 1 diabetic pa- 
tients who were diagnosed while under the age of 18 years 
during a 15-year period and followed-up for 8-23 years, 
was part of a multinational study [13]. 

Subjects and methods 

Definition of study cohort 

This investigation was carried out as part of the Diabetes Epidemio- 
logy Research International (DERI) study group activities, which is 
attempting to compare incidence and mortality of Type i diabetes in 
well-defined cohorts in USA (Allegheny county), Finland, Japan 
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and Israel [13-15]. The criteria for inclusion in the study was diag- 
nosis of diabetes mellitus, being immediately placed on insulin and 
being under the age of 18 years during the period 1 January 1965 to 
31 December 1979. Cases of secondary diabetes (e.g. due to corti- 
costeroids, cystic fibrosis or pancreatectomy) were excluded. The 
study in Israel was confined to the Jewish population only, since com- 
pleteness of ascertainment of non-Jewish cases was less assured. 

The mean Jewish population of Israel under the age of 18 during 
the mid-study period (1975-1978) was 1,069,000 [16]. Based on a fol- 
low-up of about 27,000 individuals of the same age range and during 
almost the same total study period [t7] the rate of immigration over 
the follow-up period is estimated to be < 5% (B. Modan et al. un- 
published data). 

Case ascertainment 

To achieve as complete an ascertainment as possible, all data files in 
Israel where Type i diabetes patients could be listed were screened. 
The records of the specialized diabetes clinics constituted the pri- 
mary source of ascertainment. Additional sources were all hospital 
records in Israel, the list of patients who are members of the Juvenile 
Diabetes Foundation, and letters sent to all diabetes specialists who 
were members of the Israeli Diabetes Association, to which 95% 
responded. Screening of the army medical files was also carried out 
since in Israel there is compulsory active army service for both sexes 
and reserve service up to age 50 for men, and at the age of 17 all 
citizens have to undergo medical examination with subsequent 
medical follow-up throughout active and reserve services. Finally, 
insulin prescriptions of members of Kupat Holim, the Health Insur- 
ance Institution of the General Federation of Labor Unions, which 
covers 85% of the population were checked. Private practices were 
not approached since in Israel care of Type i diabetes in children and 
adolescents is almost exclusively in the hands of non-profit health in- 
surance organizations, providing comprehensive care, in which all 
citizens have to be insured by law. 

All records were personally reviewed by two study team mem- 
bers (B. B. & O. G.). The data obtained from the medical records in- 
cluded: patient identification, ethnic origin, date of diagnosis, date 
when the first insulin injection was given, the place where diagnosis 
was made, the place of actual follow-up and development of diabetic 
complications. Data from all sources were collated to eliminate du- 
plicate cases. 

Mortality follow-up 

The cohort mortality experience was updated from 1 January 1965 
until 31 March 1988, so that follow-up ranged from 8 to 23 years. 
Deaths were identified by collating the study file with the Central 
Population Registry, which has 100% ascertainment of mortality of 
people who die in the country. This registry provides information on 
the place and date of death. The medical records of all the fatal cases 
were then evaluated for mortality causes. These causes were re- 
viewed in the biannual meetings of the DERI mortality committee 
(of which M.K. is a member) and the final cause of death was de- 
cided upon by agreement to insure standardized definitions. The 
DERI analyses of the Israeli data [15], for reasons of comparability 
to the other cohorts, relate only to less than half of the deaths con- 
tained in this report (excluding, for each of the two sub-cohorts diag- 
nosed in 1965-1969 and in 1970-1979, the deaths which occurred 
during the respective period in which they were diagnosed, as well as 
deaths occurring after 31 December 1984). 

Statistical analysis 

Expected number of deaths according to the general population, ad- 
justed for age and sex, total and by cause of death category, were cal- 
culated as follows: Age and sex specific mortality rates - total and by 
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cause of death category- for the age range of follow-up (1-34 years) 
in 5-year age groups, were obtained from the Central Bureau of 
Statistics [16, 18] for the mid follow-up period 1975-1978. This peri- 
od was selected since data on mortality cross classified by cause of 
death category and age were available, and rates of total mortality 
by age, as well as those of total mortality by cause of death category 
for all ages combined were very close to the mean rates of the total 
follow-up period. To obtain age and sex adjusted expected rates for 
the study group these population rates were multiplied by the num- 
ber of person years contributed by the study cohort to each sex- and 
5-year age-group cell, and the number of expected cases in all cells 
was summed. The expected number of deaths by disease duration 
was similarly calculated, subdividing the person years in each age 
group by 5-year duration categories. 95% confidence limits to the 
true number of deaths and statistical comparison to the expected 
number of deaths - total and by cause of death category - were cal- 
culated according to the Poisson distribution based on the observed 
number of deaths [19]. The difference in rate of diabetic complica- 
tions in subgroups of deaths was done by Fisher's exact test [20]. The 
cumulative mortality rate from diagnosis of observed and expected 
cases was estimated by life-table analysis [21]. Comparison of the 
cumulative mortality curves by age at diagnosis, sex and ethnic 
group was done by the log-rank test [21]. 95% confidence limits to 
the observed 10 and 20 year mortality were calculated by Green- 
wood's formula [21]. 

Results 

Dur ing  the per iod January  1965-December  1979 
614 Type I diabet ic  pat ients  be low age 18 were ascer- 
t a ined  (Table 1). Of these, 522 (85.0%) were listed in  the 
files of the specialized diabetes  clinics, whereas  41 (6.7%) 
were found  through membersh ip  of the Juveni le  Diabe tes  
Founda t ion ,  and  6 (1.0%) th rough  cor respondence  with 
diabetes  specialists. A r m y  records con t r ibu ted  45 cases 
(7.3%) not  k n o w n  f rom the former  sources, 42 of w h o m  
were male.  No cases which were unl is ted in the other  sour- 
ces were found  through the hospital  records or insul in  
prescr ipt ion screening.  Place of medical  follow-up after 
diagnosis was in specialized diabetes  clinics in 95.4% 
(71.7% hospital  and  23.7% c ommun i t y  based)  and  pri- 
mary  care clinics in 1.5% and  u n k n o w n  in  3.1%. The  sex 
ratio was 1.03 - 311 male  and 303 female.  Three  hund red  
and  thir ty pat ients  were of Ashkenaz i  origin (53%) and  

Table 1. Demographic characteristics of the cohort of all Type 1 (in- 
sulin-dependent) diabetic patients in Israel diagnosed below age 
18 years during the period January 1965 to December 1979 

no. % 

Total 614 100.0 

Sex: 
Males 311 50.6 
Females 303 49.4 

Ethnic origin: 
Ashkenazi 330 53.7 
Non-Ashkenazi 284 46.3 

Age at diagnosis: 
1- 4 ~ 80 13.0 
5- 9 197 32.1 

10-14 219 35.7 
15-17 118 19.2 

a No case was diagnosed below the age of i year 
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284 were  of  n o n - A s h k e n a z i  or ig in  (46%).  The  age at  d iag-  
nosis was 1-4  yea r s  in 8 0 p a t i e n t s  (no case  was diag-  
nosed  < i y e a r  of  age),  5 -9  years  in 197 pa t ien ts ,  10-14 
years  in 219 pa t i en t s  and  15-17 in 118 pat ients .  M e a n  fol- 
low-up  was 11.5 + 3.1 yea r s  and  was p rac t i ca l ly  iden t ica l  
for b o t h  sexes as well  as for the  two e thnic  groups.  Of  this 
cohor t  only  22 (3 .6%) could  not  be  found  in the  Cen t r a l  
Popu l a t i on  Reg i s t ry  due  to  i naccu ra t e  iden t i f i ca t ion  data .  
A m o n g  the  r e m a i n i n g 5 9 2 ,  1 4 p a t i e n t s  had  d i ed  by  
31 M a r c h  1988 (95% conf idence  l imits  7.65-23.49 cases).  
D e a t h s  occu r r ed  2 to  22 years  a f te r  the  diagnosis ,  and  age 
at d e a t h  r anged  f rom 4 to 34 years .  T h e  expec t ed  n u m b e r  
of  dea ths  accord ing  to  the  to ta l  popu la t i on ,  ad jus t ed  for  
age and  gender ,  was 4.42 (Table  2). This  excess of  dea ths  in 
the  s tudy  coho r t  was highly  s ignif icant  (p < 0.001). 

Signif icant  t en - fo ld  or  m o r e  excess of  dea ths  was n o t e d  
in th ree  cause  of  dea th  ca tegor i e s  - d i abe t i c  ke toac idos i s  
(p < 0.001), ca rd iovascu la r  causes  (p < 0.01) and  infec- 
t ions (p = 0.03). F o r  the  cause  ca tegor ies  of  mal ignancies ,  
ex t e rna l  causes  and o the r  causes  the  o b s e r v e d  and  ex- 
pec t ed  n u m b e r s  were  no t  s ignif icant ly  d i f ferent .  Seven  of  
the dea ths  h a d  d iabe t i c  compl ica t ions ,  of  which  six 
were  a m o n g  the  e ight  pa t ien t s  in the  th ree  cause  ca-  
t egor ies  a ssoc ia ted  wi th  excess mor ta l i ty ,  and  only  one  
was a m o n g  the  six pa t ien t s  in the  o t h e r  ca tegor ies .  This  
d i f fe rence  b e t w e e n  the  two groups  of  cause  ca tegor ies  was 
s ta t is t ical ly  s ignif icant  (p = 0.05). N o  d i f fe ren t ia l  p a t t e r n s  
of  causes  of  d e a t h  by  age at  d iagnosis ,  age at dea th ,  sex, 
e thn ic  g r o u p  o r  d i sease  du ra t i on  were  appa ren t .  

T h e  o b s e r v e d  cumula t ive  m o r t a l i t y  ra tes  f rom diag-  
nosis p e r  1000, e s t i m a t e d  by  l i fe - tab le  analysis ,  as wel l  as 
the  ra tes  e x p e c t e d  accord ing  to the  gene ra l  p o p u l a t i o n  ad-  
j u s t ed  for  age  and  sex, are  shown in F igu re  i and  Table  3. 
The  o b s e r v e d  t e n - y e a r  m o r t a l i t y  r a t e  was 3.3 (95% con-  
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Fig. 1. Observed ( �9 ) and expected (A) mortality rate per 1000 Jew- 
ish Type 1 (insulin-dependent) diabetic patients in Israel, diagnosed 
prior to age 18 years by years after diagnosis. Expected rates are ac- 
cording to the general population. The points on the observed curve 
appear in years in which deaths occurred. The expected rates were 
calculated by 5-year interals 

f idence  l imits 0.0-11.6).  This  was no t  s ignif icant ly  differ-  
en t  f rom the ra te  of  4.5 e x p e c t e d  in the  gene ra l  p o p u l a t i o n  
ad jus t ed  for  age and  sex. A t  the  15th yea r  a f te r  diagnosis ,  
mor t a l i t y  b e g a n  to r ise s teeply  so tha t  at  20 yea r s '  du ra t i on  
of  d i abe t e s  the  obse rved  cumula t ive  mor t a l i t y  r a t e  ob-  
se rved  was 52.3 (19.6--86.0). This  ra te  e x c e e d e d  tha t  ex- 
p e c t e d  4.1-fold, and  the  d i f fe rence  was highly  signifi-  
cant  (p < 0.001). 

N o  signif icant  d i f ferences  in the  cumula t ive  mor t a l i t y  
pa t t e rn s  were  o b s e r v e d  b e t w e e n  ca tegor ies  accord ing  to 
sex, e thnic  group,  age or  t ime  p e r i o d  at  d iagnosis  (da ta  no t  
shown).  Thus,  the  only  fac tor  s ignif icant ly  affect ing m o r -  

Table 2. Clinical data of the 14 fatal cases of Jewish patients with Type 1 (insulin-dependent) diabetes mellitus in Israel (January 1965- 
March 1988), and age-sex adjusted expected number of fatalities based on the Israeli background population by cause of death category 

Cause of death Sex Ethnic Age at: Disease 
duration Category Specific origin Onset Death (years) 

Diabetic complications: No. cases per cause category: p 

Nephro- Retino- Neuro- Observed a Expected 
pathy pathy pathy 

Diabetes mellitus Diabetic ketoacidosis F A 5 19 14 - - - 3 (0.62- 8.76) 0.02 < 0.001 
F A 13 29 16 + + + 
M NA 14 29 15 - + - 

Cardiovascular CVA F A 10 21 11 + + - 3 (0.62- 8.76) 0.17 < 0.001 
F A 18 34 16 + + - 

Cardiomyopathy M NA 5 20 15 - - - 

Infections Septicaemia (NF) M NA 8 28 20 + + + 2 (0.24- 7.22) 0.17 0.03 
Peritonitis (PD) F A 12 34 22 + + - 

Malignancies Leukaemia M A 2 4 2 - - - 2 (0.24- 7.22) 0.64 NS 
Carcinoma of lung F A 12 29 17 - - - 

Extemal causes RTA M NA 8 23 15 - - - 3 (0.24- 7.22) 2.28 NS 
M A 15 20 5 - - - 

Murder M NA 6 17 11 - - - 

All other causes Sudden death F NA 15 34 19 + + + 1 (0.03- 5.57) 1.I4 NS 
(after anaesthaesia 
for vitrectomy) 

All causes i4 (7.65-23.49) 4.42 < 0.001 

F = female, M = male, A = Ashkenazi, NA = non-Ashkenazi, NS = not significant, + or - = presence or absence of complications; NF = 
necrotizing fascia, PD = peritoneal dialysis, RTA = Road traffic accident, CVA = cerebrovascular accident 
a 95% confidence limits for true number of deaths appear in parentheses 
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Table 3. Observed and expected mortality rate per 1000 patients 
10-20 years after diagnosis of Type 1 (insulin-dependent) diabetes 
mellitus. Expected rate is according to the general population 

10 year 20 year 

Expected rate 4.5 12.9 

Observed rate 3.3 52.3 

(95% confidence limits) (0.0-11.6) (19.6-85.0) 

Standardized mortality ratio 0.7 4.1 
p NS < 0.001 

tality during the first 20 years of Type 1 diabetes, in cases 
diagnosed prior to 18 years of age in our cohort was a dis- 
ease duration longer than 15 years. 

Discussion 

There have only been three previous studies of cohorts of 
diabetic patients comparing their mortality experience to 
that of the general population in which Type 1 diabetes 
was addressed as a distinct entity [8-10], and comparisons 
to our study will be confined to them. Of these, two co- 
horts were from Denmark [9, 10], and one from Pittsburgh 
[8] and all were selected since the subjects studied com- 
prised either patients under treatment in a referral centre 
[8-10], or those detected in a prevalence study [9]. Our 
study is thus the first mortality follow-up of Type 1 
diabetic patients diagnosed during a specified time period 
which is based on a complete national registry of cases and 
deaths, accomplished by reviewing an exhaustive list of 
sources of ascertainment. 

Israel offers an unique opportunity for establishing 
well-defined national cohorts of patients. The country is 
small, with a relatively stable population, all of whom are 
listed in the Central Population Registry with mortality 
ascertainment of practically 100%. Comprehensive mod- 
ern socialized medical services of adequate standards are 
freely available at all socioeconomic levels even in remote 
areas. There is an extensive network of "reach-out" for 
detecting health problems in children through mother  and 
child care centres and schools. Private practice regarding 
childhood and adolescent diabetic patients is practically 
non-existent. Parents prefer the free treatment in spe- 
cialized diabetic clinics which are part of the health care 
system and are mostly hospital based, with comprehensive 
sophisticated ancillary clinical and laboratory services, 
which are not available in private facilities. Finally, all 
citizens at the age of 17 undergo a pre-enlistment medical 
examination in the army, and all problems and diagnoses 
are recorded whether the subject is exempt from ser- 
vice or not. These records are kept for the period of eligi- 
bility for active and reserve service and are thus available 
short-term for both sexes and long-term for men. 

The primary sources of ascertainment of Type 1 
diabetic patients in our study, were the specialized 
diabetic clinics. Secondary sources were army and hospi- 
tal records, insulin prescriptions of Kupat Holim, the reg- 
istry of the Juvenile Diabetes Foundation and informa- 
tion from 95% of all diabetes specialists in Israel. Based on 
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the methods described above, it is estimated that the de- 
gree of ascertainment in this study is about 95%. This esti- 
mate is based on the fact that we found 42 men but only 
3 women in the army records who were not listed else- 
where. Practically all of these unlisted cases were under 
treatment in the various diabetes clinics which were 
screened, and were distributed among these clinics in pro- 
portion to their size and thus apparently represent occa- 
sionally missed records. Since the sex ratio in our cohort is 
about 1:1, and all our men were in the age range eligible 
for active and reserve service, hypothetically about 
40 women might have been missed. As no new cases were 
found in the screening of the insulin prescriptions, it seems 
unlikely that more than a few other cases were unlisted in 
any of the other sources. As for deaths, our cohort was 
linked to the Central Population Registry enabling us to 
detect all fatal cases. Only 3.6% of the cases could not be 
located in the Central Population Registry, and the poten- 
tial proportion of deaths unidentified due to this factor is 
bound to be smaller since most of the deaths were known 
already from the clinic records. While deaths among cases 
who emigrated from the country are not recorded, the 
population rate of immigration in the age range of our co- 
hort is less than 5%. Thus, the ascertainment rate of 
deaths in our study is about 95%. 

As in all other studies [8-10] we found considerable ex- 
cess mortality compared to the general population after 
adjustment for age and sex. This excess was due to 
diabetic ketoacidosis, cardiovascular disease and infec- 
tions. Mortality from malignancies, external causes and 
other general causes resembled that of the general popu- 
lation. These trends seem corroborated by the fact that 
among deaths due to causes which were in excess of those 
expected from the general population, the rate of those 
from diabetic complications was significantly higher as 
compared to deaths from other causes. In the Pittsburgh 
study [8] also, excess mortality was due to diabetic ke- 
toacidosis and cardiovascular disease, with no excess of 
neoplasms and external or other general causes. However, 
diabetic nephropathy was a major cause of death in that 
study while in our study it was not. Infections as a cause of 
death were not examined separately in the Pittsburgh 
study, but diabetic patients are considered to be more sus- 
ceptible to infections. The Danish studies did not relate to 
this issue. 

Of particular interest is our finding of no difference in 
mortality rate between the Type 1 diabetic patients and 
the general population in the first 15 years of disease, irre- 
spective of age at onset, age at death, sex or ethnic group. 
It is noteworthy that in the Pittsburgh study [8], the only 
other study which presented life-table analysis, the pat- 
tern of mortality was similar to ours in that rates were rela- 
tively low in the first 15 years of the disease with a sharp 
increase later (Table 4). However, their rates after the first 
10 years of disease during a comparable time-period were 
considerably higher than ours - 14 of 1000 as opposed to 3 
of 1000 respectively. Data for > 15 years of duration were 
available only for the period < 1965, characterized by 
higher mortality rates in the Pittsburgh as well as in the 
Danish studies [8-10]. In the Pittsburgh study the ex- 
pected mortality according to the general population was 



M. Modan et al.: Mortality in childhood onset Type 1 diabetes mellitus 

Table 4. Comparison of cumulative mortality rate per 1000 by dura- 
tion in our data to the Pittsburgh Study 

Duration IsraeP Pittsburgh (8) b 
(years) 1965-1979 1950-1965 1966-1971 

n = 614 n = 764 n = 423 
Rate Rate 

1 0 12 5 
5 3 24 7 

10 3 38 14 
15 11 56 - 
20 52 135 - 

The 10-year mortality was equal to the 5-year mortality since no 
additional deaths occurred until the llth year; b Ratesforthestudy 
period 1950-1965 were re-calculated from Table 4 in that study. 
Rates for the period 1966-1971 were given only for dura- 
tion _< 10 years 

not  calculated by dura t ion as in our  study. However ,  as 
age-specific popula t ion  morta l i ty  rates in the U S A  and Is- 
rael are of  the same order  of  magni tude ,  it seems that  the 
mortal i ty  rates during the  per iod  after  1965 in that  s tudy 
exceeded those of  the general  populat ion,  even in the first 
10 years of  the disease. The  potent ia l  pat ient  selection in 
the Pit tsburgh study, as well as genetic  and envi ronmenta l  
factors, could play a role in the low morta l i ty  in the first 
15 years of  the disease in our  cohort .  However ,  it could 
also be ascribed to the structure of  the pr imary  care sys- 
tem in Israel which p romotes  early detect ion of  cases and 
quick referral  to  specialized clinics and to the central ized 
multidisciplinary and comprehens ive  therapeut ic  ap- 
p roach  [22]. 

The  steep increase in mortal i ty  rates 15 years after di- 
agnosis found  in our  study, the Pit tsburgh study and one of  
the Danish  studies [10], is unlike the gradual  increase in 
comparab le  ages in the general  popula t ion  and indicates a 
strong effect of  dura t ion of  disease. This consistent steep 
increase in mortal i ty  after 15 years of  disease dura t ion is 
intriguing. It  m a y  reflect the fact that  complete ly  satisfac- 
tory control  over  very  long periods of  time is a goal  ye t  to 
be realized, perhaps  due to less adequa te  t rea tment  in 
adu l thood  resulting f rom poore r  pat ient  compl iance  
and/or  lower a t tent ion by the physicians. However ,  it m a y  
also reflect natural  pathophysiological  processes,  the 
identif ication of  which could fur ther  our  unders tanding  of  
how to improve  prognosis.  

While  no significant effect of  sex, e thnic group,  age at 
diagnosis, age at death or  per iod  of  diagnosis on mortal i ty  
were found  in our  study, the small number  of  deaths allows 
us to conclude only that  their effect is weaker  than that  of  
durat ion,  at least in the age range of  fol low-up in our  s tudy 
which was up to 34 years. By the same token,  the effect of  
these factors on causes of  death could no t  be meaningful ly  
evaluated.  On the o ther  hand,  the conclusions regarding 
the similarity to the general  popula t ion  in terms of  total  
mortal i ty  during the first 15 years of  the disease and steep 
increase later are valid, as evidenced by the 95% con- 
f idence limits based on the observed  rates. The  validity is 
underscored  by the comple te  ascer ta inment  of  cases and 
deaths for  the whole  country. 

We believe that  these data  suggest that  mortal i ty  in 
Type 1 diabetes can be considerably reduced  to resemble  
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that  of  the general  popula t ion  by improved  quality and 
comprehensiveness  of  the initial and follow-up thera-  
peut ic  reg imen and high s tandards of  metabol ic  control  
th roughou t  the years. 
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