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Summary The aim of this study was to evaluate fac- 
tors related to the markedly increased risk of dying 
from diabetic renal disease in Japanese insulin-de- 
pendent diabetic patients compared to those in the 
USA. The study was based on two population-based 
cohorts consisting of 1374 cases from Japan and 995 
cases from Allegheny County, Pennsylvania, USA, 
who were diagnosed between 1 January 1965 and 
31 December 1979. The living status and dialysis ex- 
perience were determined as of i January 1990. 
The duration-adjusted renal-failure-related mortality 
rates in the Japanese cohort and the USA cohort 
were 277.2 and 130.9 per 100,000 person-years, and 
the duration-adjusted incidence rates of dialysis 
were 564.9 and 295.6 per 100,000 person-years, re- 
spectively. After adjustment for sex, age at onset, cal- 
endar year of onset, and duration of diabetes, individ- 

uals with insulin-dependent diabetes in the Japanese 
cohort were still 2.4-fold more likely to receive dialy- 
sis compared to those in the USA cohort. Ten of the 
36 renal-failure-related deaths in the Japanese co- 
hort had never been treated by dialysis, while all re-  
nal-failure-related deaths in the USA cohort had 
been treated by dialysis. Survival after initiation of 
dialysis in the Japanese cohort was virtually the same 
as the USA cohort. These data suggest that a greater 
frequency of diabetic end-stage renal disease and re- 
duced access to acceptance at dialysis underlie much 
of the excess of diabetic renal deaths in Japan. [Dia- 
betologia (1995) 38: 236-243] 

Key words Insulin-dependent diabetes mellitus, mor- 
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Before the discovery of insulin, few children survived 
more than i or 2 years after the onset of diabetes melli- 
tus [1]. After the introduction of insulin therapy, life 
expectancy for insulin-dependent diabetic (IDDM) 
patients dramatically increased [2]. However, IDDM 
individuals are still at a markedly increased risk for 
dying compared with the general population [2, 3]. 

The Diabetes Epidemiology Research Interna- 
tional (DERI) mortality study was initiated in 1986 
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to evaluate the geographic differences of IDDM mor- 
tality in four diverse population-based cohorts from 
Finland, Israel, Japan, and Allegheny County, Pa., 
USA [4, 5]. The initial results of the DERI  study re- 
vealed a considerably greater mortality rate in Japan 
compared to the USA [4]. Much of the excess mortal- 
ity for the Japanese cohort appeared to be the result 
of diabetic renal disease. [5] Although IDDM is a 
rare disease in Japan (incidence rate 1.7/100,000 per 
year, prevalence rate 10/100,000) [6, 7] compared to 
European countries and the USA (Fig. 1 [8]), once a 
child develops diabetes in Japan, their prognosis ap- 
pears to be considerably poorer, mostly due to a 
markedly increased risk for renal disease. 

The reasons for the excess mortality from renal 
disease in the Japanese cohort are likely to consist of 
two components. The first is a difference in risk (in- 
cidence) of end-stage renal disease (ESRD). Anoth- 
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er is the difference in case-fatality rate whereby once 
ESRD occurs, individuals are at an increased risk of 
death. The case-fatality rate can be affected by a 
number of factors such as quality of medical care, so- 
cioeconomic factors, etc. To prevent unnecessary 
deaths, it is critical to identify the possible factors re- 
lated to the high renal-disease mortality. Since only 
renal replacement therapy (RRT) can sustain life for 
patients suffering from renal failure, RRT may play 
a critical role in longevity. 

The current report evaluates three hypotheses for 
the excess renal disease mortality in the Japanese co- 
hort, namely a higher incidence of ESRD from dia- 
betic renal disease, poor access/acceptance to dialy- 
sis and a poor prognosis in the post-dialysis phase. 
The first hypothesis was tested by comparing the inci- 
dence rates of dialysis therapy and the life-table for 
dialysis between the two cohorts. The second hypoth- 
esis was tested by examining the proportion of cases 
not treated by dialysis among all deaths in persons 
with ESRD. The last hypothesis was evaluated by 
comparing the survival rates in the American and Ja- 
panese cohorts after the start of dialysis. Despite the 
small number of IDDM patients and the even small- 
er number of IDDM patients with ESRD in Japan, 
this analysis can provide important insight as to rea- 
sons why there is an excess mortality. It can also 
serve as a model to evaluate reasons for excess mor- 
tality in other countries. 

Subjects and methods 

Study populations. The inclusion criteria in both cohorts were 
that each individual was diagnosed as having diabetes before 
18 years of age, was placed on insulin at the time of hospital 
discharge, and was diagnosed between 1 January 1965 and 
31 December 1979. 

Japan: In 1970 and 1981 [9, 10], two nationwide surveys were 
conducted by the Childhood Research Committee, the Minis- 
try of Health and Welfare of Japan and 1628 youth-onset pa- 
tients who had IDDM were identified. After applying the 
above criteria for classifying IDDM, 1428 cases were eligible. 
The process for tracing the cases to determine their living sta- 
tus (alive or dead) as of i January 1990 comprised several pro- 
cedures; contacting the physicians using questionnaires, calling 
family members by telephone, residence registry checks and 
searching in the list of summer camp participants. The living 
status was determined as of 1 January 1990 in 1374 of the 1428 
eligible subjects (96.2 %), 

Allegheny County (USA): The cohort from the Allegheny 
County IDDM Registry consists of 1076 patients diagnosed 
between 1965 and 1979 [11]. It is a population-based registry 
developed through the review of hospital records and validat- 
ed by identifying cases through contact with community paed- 
iatricians. Follow-up for mortality was undertaken by means 
of telephone interviews with physicians, patients and family 
members as well as questionnaires. The living status was deter- 
mined as of i January 1990 in 1009 of the 1076 eligible subjects 
(93.8 %). 
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Fig. 1. IDDM incidence rates in various countries (ITA: Italy, 
USA: the United States, SPA: Spain, BEL: Belgium, CAN: Ca- 
nada, GRE: Greece, RUS: Russia, ROM: Romania) 

There were some differences in the nature of these two co- 
horts. The Japanese cohort is a prevalence cohort whereas the 
USA cohort is an incidence cohort. To make the two groups 
comparable, we excluded from the USA cohort 14 cases who 
developed IDDM during 1965-1969 and died prior to 1 Janu- 
ary 1970, or who developed IDDM during 1970-1979 and 
died prior to 1 January 1980. As a result, the USA cohort con- 
sisted of 995 eligible subjects. Detailed information about the 
cohorts has been described elsewhere [4, 5]. 

Classification of renal-failure-related deaths. The process of 
standardized mortality classification has been described in our 
previous report [5]. Death certificates, hospital records, coro- 
ners' records, and autopsy reports were reviewed by four physi- 
cians from the Mortality Classification Committee. The com- 
mittee determined, 1) the most likely underlying cause of 
death, 2) the order of importance of all other contributing caus- 
es of death, and 3) the role of diabetes in causing the death. The 
causes of death consist of eight categories; acute diabetic c o m -  
plication, diabetic renal disease, infections, accident, suicide, 
coronary artery disease, other cardiovascular disease, and oth- 
ers. To limit this study to the assessment of the relationship be- 
tween diabetic ESRD and RRT, we focused on the individuals 
who died with ESRD and excluded deaths due to other causes 
even if renal disease was present but ESRD had not developed; 
for example, deaths from nephrotic syndrome. Renal-failure- 
related deaths were defined as deaths with history of ESRD 
due to diabetic renal disease regardless Of the underlying caus- 
es of death and the importance of other contributing causes to 
death. ESRD was defined as being treated by renal dialysis, kid- 
ney transplant, or having clinical information including serum 
creatinine level _> 5 mg/dl and chronic uraemic symptoms and/ 
or signs. Acute renal failure and renal failure from other causes 
such as nephritis were excluded from diabetic ESRD. 

Determination of the incidence of renal replacement therapy 
(experience of dialysis). Information concerning the experi- 
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ence of RRTwas collected over the same time period as the liv- 
ing status of patients was determined. In Japan, questionnaires 
were sent to physicians to ask if patients had received dialysis. 
If information was not available from the physicians, patients 
or their families were contacted by telephone. Responses 
were obtained about 94.9 % (1304 of 1374) of the patients. 
The detailed information on dialysis, for example, which treat- 
ment a patient received, haemodialysis or peritoneal dialysis, 
and the information on renal transplant were not obtained by 
the questionnaire. In Allegheny County, a short telephone in- 
terview with patients or families was undertaken. Responses 
were obtained from 80.1% (797 of 995) of the identified co- 
hort. For all deceased cases in the two cohorts, the experience 
of dialysis was determined primarily through reviewing medi- 
cal records. Although there was somewhat of a differential re- 
sponse rate between the two cohorts, responders had similar 
male/female ratio distributions, age at onset and duration of 
diabetes to those of non-responders in each cohort. Non-re- 
sponders were excluded from the analyses. 

Statistical analysis 

Due to the importance of diabetes duration for the occurrence 
of chronic complications, renal-failure-related mortality rates 
and incidence rates of dialysis therapy were adjusted for tak- 
ing this into consideration. To calculate the duration-adjusted 
rates, the summation of person-years of duration over both 
populations in each duration group (0-4, 5-9, 10-14, 15-years 
of duration) was used as the standard population. The dura- 
tion-adjusted rate can be expressed as a weighted average of 
the duration-specific rates, where the weights are the propor- 
tions of person-years exhibiting each duration group (0-4, 5- 
9, 10-14, 15-years of duration). Person-years were counted 
from the initial point of follow-up, that is, 1 January 1970 for 
those who were diagnosed between 1965-1969, and 1 January 
1980 for those who were diagnosed between 1970-1979. Nine- 
ty-five percent confidence intervals of duration-adjusted rates 
were estimated using the Poisson distribution [12]. 

A life table was constructed using product limit estimates in 
which the log-rank test was used to test the significance of the 
differences between the cumulative risk curves. The time scale 
of life-table analyses for renal-failure-related mortality and in- 
cidence of dialysis was the follow-up time, and not the duration 
of diabetes. 

Since there were some differences in demographic charac- 
teristics between the two cohorts as presented in Table 1 and 
these characteristics have been previously found to be asso- 
ciated with overall mortality [13, 14], they were included in 
multivariate models to adjust for their independent effect. 
The Cox proportional hazard model was employed to adjust 
for sex, age at onset, calendar year of onset, and duration of 
diabetes. Statistical analyses were made by SAS release 6.08 
[15]. 

Results 

All-cause mortality. Nine ty  deaths  in the Japanese  co- 
hor t  and 58 dea ths  in the  U S A  cohor t  were  ident i f ied 
as of  1 ,January 1990. The  dura t ion-ad jus ted  mor ta l i ty  
ra tes  of  all causes of  dea ths  in the Japanese  cohor t  
and the U S A  cohor t  up to 20 years  of  fol low-up 
were  616.3 and 388.5 per  100,000 person-years ,  re- 
spectively. 
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Table 1. Demographic characteristic of the cohorts 

Japan USA 

Sex (Male/Female) (n) 509/770 423/371 

Year of diagnosis (n) 
1965-1969 250 235 
1970-1974 318 297 
1975-1979 711 269 

Age at onset (n) (years) 
0.4 311 73 
5-9 447 243 
1.0-17 521 485 

Duration of diabetes (person-years) a 
0.4 2670.3 1264.2 
5-9 5697.3 3241.8 
10-14 4381.9 3375.2 
15- 2135.8 2310.0 

Duration of diabetes at initial point 
of follow-up (year, mean + SD) 3.5 + 2.6 4.4 _+ 2.9 

a If an individual developed diabetes on 1 January 1968 and 
died 1 January 1975, she/he contributed 3 person-years to the 
category of 0-4 year duration from onset and 2 person-years 
to the category of 5-9 year duration from onset. Therefore, 2 
years from 1 January 1968 to 31 December 1969 are not count- 
ed as person-years 

Renal-failure-related mortality. There  were  36 renal-  
fa i lure- re la ted  deaths  in the Japanese  cohor t  of 90 de- 
ceased  cases (40 %),  and 17 of  58 (29 %)  in the U S A  
cohort .  The  dura t ion-adjus ted  renal - fa i lure- re la ted  
mor ta l i ty  rates  up to 20 years  of  fol low-up were  
277.2 per  100,000 person-years  [95% C.I.: 186.4- 
368.1] in the Japanese  cohor t  and  130.9 per  100,000 
person-years  [68.7-193.2] in the U S A  cohor t  (Ta- 
ble 2). Figure 2 demons t ra t e s  the  significant differ- 
ence  in the cumula t ive  risks for  dea ths  b e tween  the 
two cohorts.  As shown in Table  1, the re  were  some 
di f ferences  in demograph ic  characterist ics be tween  
the two cohorts.  Surprisingly, a l though individuals in 
the  Japanese  cohor t  had  shor te r  dura t ion  and m o r e  
recen t  onset  of d iabetes  c o m p a r e d  to  those  in the 
U S A  cohor t ,  bo th  the mor ta l i ty  ra te  and incidence  
ra te  of  dialysis in the  Japanese  cohor t  were  h igher  
than  those  in the U S A  cohor t  as descr ibed above.  A 
p ropor t iona l  hazard  m o d e l  revea led  tha t  af ter  adjust- 
ing for  sex, age at onset ,  ca lendar  year  of onset,  and 
dura t ion  of  diabetes,  individuals with I D D M  in the  
Japanese  cohor t  were  still over  2.5-fold m o r e  l ikely 
to die with E S R D  c o m p a r e d  to those  in the  U S A  co- 
hor t  (Table 3). 

Incidence of dialysis. Seventy- two pat ients  in the Ja- 
panese  cohor t  and 37 pat ients  in the U S A  cohort ,  
who  had  rece ived  dialysis therapy,  were  identif ied.  
For  those  t r ea t ed  by dialysis, age at onset  of  d iabetes  
and age at ini t iat ion of  dialysis were  11.6 + 3.6 years  
(mean  + SD),  28.3 • 4.4 years  for  the  Japanese  co- 
hort ,  and  12.1 +2 .8  years,  29.9 +3 .6  years  for  the 
U S A  cohort .  Th e re  were  no di f ferences  in age at on- 
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Mortality Japan USA 

Renal-failure-related deaths/all deaths 
Duration-adjusted mortality (/100,000 person-years) 
Total 
Renal-failure-related 
Incidence of dialysis 
Dialysis cases/all cases 
Duration-adjusted incidence of dialysis (/100,000 person-years) 

36/90 (40.0 %) 

616.3 [487.7-744.9] 
277.2 [186.4-368.1] 

72/1279 (5.6 %) 
564.9 [433.8-696.0] 

17/58 (29.0 %) 

388,5 [287.8-489.2] 
130.9 [68.7-193.2] 

37/794 (4.7 %) 
295.6 [200.1-391.0] 

95 % Confidence interval given in parentheses 

Table 3. Proportional hazard model: renal-failure-related mortality and incidence of dialysis 

Variables Renal-failure-related mortality 

Relative risk 95 % C.I. 

Incidence of dialysis 

Relative risk 95 % C.I. 

Cohort (Japan/USA) 2.57 
Sex (female/male) 1.68 
Age at onset (years) 1.16 
Calendar year of onset (year) 0.85 
Duration of diabetes at initial point of follow-up (years) 1.10 

1.41-4.68 b 2.38 1.57-3.60 b 
0.94-3.00 1.16 0.78-1.72 
1.08-1.25 b 1.21 1.15-1.27 b 
0.75-0.97 a 0.98 0.88-1.08 
0.93-1.29 1.36 1.21-1.52 b 

Duration of diabetes at an initial point of follow-up: 
duration of diabetes as of 1 January 1970 for those diagnosed 
during 1965-1969 

duration of diabetes as of 1 January 1980 for those diagnosed 
during 1970-1979 
a p < 0 .05  
b p < 0.01 
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Fig.2. Cumulative risks for renal-failure-related deaths (left) 
and dialysis (right) in Japan ( i )  and the USA (iBm). Signifi- 
cant differences were detected in both cumulative mortality 
and incidence of dialysis between Japan and the USA at 
p < 0.05 

set of diabetes and age at initiation of dialysis be- 
tween deceased patients and those who were alive. 
The duration-adjusted incidence rates of dialysis in 
the Japanese cohort and the U S A  cohort up to 20 
years of follow-up were 564.9 per 100,000 person- 
years [95% C.I.: 433.8-696.0] and 295.6 [200.1- 
391.0], respectively. A life-table analysis for inci- 
dence of dialysis is also presented in Figure 2. After  
adjusting for sex, age at onset, calendar year of on- 
set, and duration of diabetes by proportional hazard 
model, individuals in the Japanese cohort were ap- 

proximately 2.4-times more likely to receive RRT 
than those in the U S A  (Table 3). These results proba- 
bly indicate that considerably more patients develop 
E S R D  among those who have I D D M  in Japan than 
in the USA. This pattern of difference between the 
two cohorts was quite similar to that shown for re- 
nal-failure-related mortality. 

Duration-specific rates for renal-failure-related mor- 
tality and incidence of  dialysis. As shown in Figure 3, 
individuals in the Japanese cohort had higher rates 
over all groups of duration categories with regard to 
both renal-failure-related mortality and incidence of 
dialysis. Of interest is that the patients in the Japa- 
nese cohort potentially develop E S R D  even earlier 
than those in the U S A  cohort in terms of duration of 
diabetes. 

Proportion of  non-dialysis cases among renal-failure- 
related deaths and its time trend. To evaluate the ac- 
cess to acceptance of dialysis therapy, the current 
study compared the proportion of those without 
R R T  among renal-failure-related deaths between Ja- 
pan and the USA. In the U S A  cohort, all renal-fail- 
ure-related deaths other than one patient for whom 
information on dialysis was not available, had been 
treated by dialysis (16/16) and transplantation (5/16). 
In contrast, 10 of the 36 patients who died with 
E S R D  (27.8%) in the Japanese cohort had never 
been treated by dialysis. Among 36 renal-related- 
deaths in Japan, none had received a transplant. 
Among those who died with E S R D  prior to 1985 in 
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Japan, 30 % (6/20) had never been treated by dialysis. 
Of interest is that even in the late 1980's (1985-1989) 
when dialysis facilities were more widely available in 
Japan [16], still 25 % (4/16) of cases who died had 
never received dialysis therapy. 

Life-table analysis after the initiation of dialysis 

M. Matsushima et al,: Increased diabetic renal disease mortality in Japan 

2500 ] Renal-failure-related mortarity Incidence of dialysis 

2000- 
~J 
o 

1500- 

o~ q~176 1000- ~ - ~  

S 5oo- 
To examine the post-dialysis phase of diabetic ESRD 
in the two cohorts, a life-table analysis was conducted 
(Fig.4). This figure indicates that survival function 
curves after the initiation of dialysis were not Signifi- 
cantly different between Japan and the USA. Table 4 
also indicates no significant difference in the post- 
dialysis mortality between the two cohorts after ad- 
justing for confounding factors. Thus, once the RRT 
was initiated, those with ESRD in Japan did not ap- 
pear to be at a greater risk for death compared to 
those in the USA. 

Discussion 

One of the major concerns for the care of diabetes is 
how to prevent chronic complications. Diabeti9 renal 
disease is a major killer of youth-onset patients who 
have IDDM in Japan [5, 17]. We have seen that pa- 
tients in the Japanese cohort have a considerably 
higher renal-failure-related mortality risk than those 
in the U S A  cohort. To prevent unnecessary deaths, it 
is critical to identify why Japanese patients are more 
likely to die with ESRD. 

First, the difference in dialysis experience between 
responders and non-responders should be examined 
to consider the selection bias. High response rates 
over 80 % and few differences in the pattern be- 
tween incidence of dialysis and renal-failure-related 
mortNity suggest little selection bias. Second, we 
must examine whether other causes of death,.Jn par- 
ticular cardiovascular disease, were responsible for 
the difference in renal-failure-related mortality to 
consider competing risks. Since our cohorts are still 
quite young, cardiovascular disease was rare and lit- 
tle difference was observed in the cardiovascular 
mortality between the two cohorts (duration-adjust- 
ed cardiovascular mortality, Japan: 52.0 [95 % C.I. 
13.2-90.1] per 100,000 person-years, USA: 76.3 
[33.0-120.0], p > 0.05). Thus, the difference in cardio- 
vascular mortality between the two cohorts cannot 
account for the difference in renal-failure-related 
mortality. All other cause-specific mortality rates in 
the Japanese cohort were higher than those in the 
USA cohort. The difference in renal-failure-related 
mortality is not likely to be the result of renal disease 
deaths being assigned a different cause of death. 

Two major factors determine the mortality rate; 
the incidence of ESRD and the case fatality rate in 
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Fig, 3. Duration-specific rates of renal-failure-related mortal- 
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Fig. 4. Cumulative survival functions after the initiation of dia- 
lysis in Japan (m) and the USA (m,,I) 

Table 4. Proportional hazard model: survival after initiation of 
dialysis 

Variables Relative risk 95 % C.I. p value 

Cohort (Japan/USA) 1.01 0.46-2.23 0.98 
Sex (female/male) 1.66 0.74-3.74 0.22 
Age at onset (year) 1.02 0.90-1.14 0.80 
Calendar year of onset 0.84 0.72-0.99 0.04 
Duration of diabetes 
at initiation of dialysis 0.93 0.82-1.05 0.24 

the patients with ESRD. The current study estimated 
the risk for ESRD by evaluating the incidence of dia- 
lysis therapy. Overall there appeared to be consider- 
able differences in the risk for developing ESRD be- 
tween the two groups, as the incidence of dialysis 
therapy in the Japanese cohort was 2.4-fold greater 
compared to the USA cohort. We must be cautious, 
however, as this interpretation is based on an indir- 
ect measure of the incidence of ESRD and there is 
likely to be some selection bias involved (e. g., refer- 
ral bias) [18]. The true proportion of diabetic pa- 
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tients with ESRD are certainly underestimated in 
both groups. However, it appears that the incidence 
of ESRD is likely to be much greater in the Japanese 
cohort than the USA cohort, since the proportion of 
ESRD in Japan should be more underestimated than 
in the USA, due to poor access to acceptance of dial- 
ysis facilities in Japan as described below. 

Another explanation for the excess renal-failure- 
related mortality in the Japanese cohort is poor ac- 
cess/acceptance to RRT. The current report demon- 
strates that all renal-failure-related deaths in the 
USA cohort had received RRT that consisted of initi- 
al dialysis and kidney transplantation. In contrast, al- 
most one-third of those who died with ESRD in the 
Japanese cohort had never been treated by dialysis. 
A previous report demonstrated that the acceptance 
rate for RRT among the general Japanese popula- 
tion was similar to that in the USA (acceptance rate: 
Japan 137, USA 151/million population/year) [19]. 
In that study, only 22% of patients accepted for 
RRT in Japan had diabetes, while 30 % in the USA 
had diabetes. If the data from the present study 
could be extrapolated to the general Japanese 
IDDM population with ESRD, this lower proportion 
with respect to the USA could explain the grounds 
of a higher proportion of patients not accepted for 
RRT in Japan. To estimate how much the major dif- 
ferences in renal-failure-related mortality could be 
attributed to the poor access/acceptance of dialysis 
therapy, we determined what would have happened 
if the 10 non-dialysis renal-failure-related deaths in 
the Japanese cohort had been excluded from the ana- 
lysis. In this case the duration-adjusted mortality 
could have decreased from 277.2 to 204.5 (per 
100,000 person-years); however, this is still much 
greater t ha n the  USA rate (130.9 per 100,000), sug- 
gesting that at most 50% [= (277.2-204.5)/(277.2- 
130.9)] of the excess renal-failure-related mortality 
in the Japanese cohort compared to the USA cohort 
likely resulted from lack of use of dialysis. 

Another  concern is whether the Japanese cohort 
differs from the USA cohort as to the prognosis after 
the initiation of dialysis. A major difference in RRT 
between the two cohorts is a kidney transplant. Un- 
fortunately, in the current study, we have no informa- 
tion about transplantation among those who did not 
die in the Japanese cohort. Although the acceptance 
rate of kidney transplant in the general population 
of Japan is much lower than that of the USA [16, 
19], a life-table analysis suggested that there was no 
difference between the Japanese cohort and the 
USA cohort with regard to longevity after dialysis. 
These results indicated that the post-dialysis factors 
appear to contribute little to the differences in renal- 
failure-related mortality between the two cohorts. 
However, it may be difficult to generalize about this 
result due to the small sample size of patients with 
ESRD and the lack of information on type of RRT. 

According to the previous report, only 4.4 % of Japa- 
nese with E S R D  receive peritoneal dialysis com- 
pared to 12.7 % of Americans with ESRD [20]. Fur- 
ther investigation is needed to evaluate the post-dia- 
lysis prognosis, in particular, the detailed informa- 
tion on modalities for RRT, for example, haemo- 
dialysis, peritoneal dialysis or transplantation among 
IDDM patients with ESRD. 

The present study revealed at least two potential 
reasons for the marked excess mortality from ESRD 
in the Japanese cohort; a greater incidence of ESRD 
measured as incidence rate of dialysis therapy and a 
possible higher case-fatality rate due to poor access/ 
acceptance of dialysis therapy. However, it remains 
essential to determine the factors which contribute 
to the difference in incidence of ESRD. In terms of 
diabetes care, poor  glycaemic control could be one 
major factor since insulin self-injection was not al- 
lowed by law until 1980 in Japan and there were chil- 
dren with IDDM who could not receive insulin injec- 
tions on Sunday. However, there is no data available 
for comparison of glycaemic control between Japan 
and the USA. Other environmental factors such as 
treatment for hypertension, cigarette smoking [21], 
high protein diet [22], and salt intake [17] can have 
an impact on the difference in frequency of ESRD. 
In terms of host susceptibility to ESRD, there appear 
to be many related factors; for example, 1) differenc- 
es in genetic susceptibility to hypertension, 2) differ- 
ences in genetic susceptibility to diabetic renal dis- 
ease, 3) genetic differences in the rate for progres- 
sion of renal disease to ESRD [22-28]. The current 
results showing that Japanese patients with IDDM 
may have an earlier onset of ESRD suggests that at 
least the rate of progression to ESRD may be higher 
among Japanese than Americans. We cannot, howev- 
er, determine which genetic or environmental factors 
have an impact on the development of ESRD in the 
current study. Moreover, we have only addressed the 
incidence of diabetic ESRD, and not the incidence 
of diabetic renal disease itself. Clearly, additional re- 
search is needed to determine whether the higher in- 
cidence of ESRD in the Japanese cohort reflects a 
higher incidence of diabetic renal disease or a more 
rapid progression to ESRD. 

One of the factors affecting fatality rates may be 
the accessibility/acceptance of RRT. A long distance 
between the place of residence and the dialysis clinic 
may be a problem. Our previous report suggested 
that patients who live in rural areas with fewer facili- 
ties may have a reduced access to RRT [29]. Howev- 
er, this can only be a partial explanation, as during 
the 1980's there was a rapid increase in the number 
of dialysis facilities [16]. One might have expected a 
corresponding reduction of the percentage of de- 
ceased cases who had never been treated by dialysis 
in the late 1980's. However, this was not the case. An- 
other factor associated with access to dialysis therapy 
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may  be the select ion of  pat ients  for  R R T  by physi- 
cians. The  d i f fe rence  in accep tance  of  pat ients  with 
d iabetes  of  R R T  be tween  Japan and the U S A  m ay  
be part ia l ly  re la ted  to the h igher  mor ta l i ty  in the  Ja- 
panese  cohor t  [19]. Pa t ien t  compl iance  is also impor-  
tant.  The  d i f fe rence  in soc ioeconomic  status or cul- 
tural  env i ronmen ta l  tha t  leads to lower  compl iance  
is l ikely to con t r ibu te  to the  h igher  mor ta l i ty  [30]. 

In conclusion,  the re  is a clear  need  to be t t e r  under-  
s tand the ae t io logy of  diabet ic  renal  disease and 
E S R D  to r educe  the excess inc idence  in Japan,  as 
well as a n e e d  to o v e r c o m e  the p o o r e r  access to  ac- 
cep tance  of  dialysis in Japan. These  findings will he lp  
p rov ide  an answer  to the ques t ion  of  how to p reven t  
unnecessa ry  deaths  due  to diabet ic  E S R D  in no t  
only  Japan,  bu t  E u r o p e  and o the r  countr ies  a round  
the world.  Moreove r ,  it remains  essential  to deter-  
mine  the inc idence  and p reva lence  of  diabet ic  rena l  
disease and E S R D  among  individuals with I D D M  in 
a s tandard ized  m e t h o d  in Japan and o the r  countries.  
This is cur ren t ly  being deve loped  as par t  o f  t h e  
World  H e a l t h  Organ iza t ion  D i a m o n d  pro jec t  [31]. 
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