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ABSTRACT
Objective: To explore whether the incidence of end-
stage renal disease (ESRD) in type 1 diabetes (T1DM)
was lowered over time, and how the baseline
characteristics and risk factor management during
follow-up were associated with the incident ESRD.
Research design and methods: An observational
cohort study was performed in 1014 patients with
T1DM diagnosed from 1961 to 1999, who were
admitted to the diabetes center. The incidence of ESRD
up to 2010 and the effect of risk factors, including
annual mean glycated haemoglobin (HbA1c) and blood
pressure, were investigated.
Results: During a mean follow-up of 19.3 years, with
88.3% follow-up rate, the incidence of ESRD was
significantly lower in T1DM diagnosed in 1985–1999
than in 1961–1984 (0.8 vs 5.0 per 1000 person-years,
p<0.0001), which was not precluded by preceding
death. Multivariate Cox regression analysis indicated
that the former group (vs the latter) was associated
with a significantly reduced risk of ESRD independent
of baseline variables of age, duration and gender
(p<0.01). The continuous variable of year of T1DM
diagnosis remained significant after adjustment for the
above variables plus baseline proteinuria and
retinopathy (p=0.02). Time-dependent Cox regression
analysis indicated that ESRD was associated with
annual mean HbA1c (p<0.01), systolic blood pressure
(p<0.001) and baseline proteinuria (p<0.001), followed
by continuous variable of year of T1DM diagnosis
(p=0.09).
Conclusions: Our data indicate that incidence of
ESRD is decreasing over time, coinciding with
enhanced glycemic and blood pressure controls. The
incidence of ESRD in recently diagnosed T1DM
appears to be much lower than previously reported
ESRD incidence.

Diabetic nephropathy is the leading cause
of end-stage renal disease (ESRD), and is
responsible for more than 40% of new cases
of ESRD in the Western world and Japan;
thus, the risk of ESRD in T1DM remains
high.1 2 Prevention of or delay in the develop-
ment of ESRD is a pre-requisite to maintain
the quality of life and to reduce economic
burden, especially for individuals with
youth-onset type 1 diabetes mellitus (T1DM).
The incidence of ESRD due to diabetic

kidney disease appears to vary substantially
between centers and ethnicities.3 Matsushima
et al4 reported, in 1995, that Japan had a mark-
edly high incidence of ESRD in patients with
T1DM diagnosed from 1965 to 1979 before
the age of 18 years; the incidence per 1000
person-years was 5.5, which was 2.4-fold
higher than that in the population in the
USA. Thereafter, several epidemiological
observational studies for the incidence of
ESRD in T1DM have been published. From a
nationwide population-based cohort study in
Sweden, the incidence of ESRD in patients
with T1DM diagnosed between 1977 and 1983
was 0.53 per 1000 person-years, while a secular
trend was not investigated.5 From a national
registry system in Finland, the incidence of
ESRD in T1DM was clearly shown to have
decreased over the past four decades.6

However, while several multiple changes in
therapy and lifestyle have occurred during the
past decades that may have led to the improve-
ment in the incidence of ESRD over time, the
incidence of ESRD in T1DM remains inad-
equately analyzed after implementation of
stricter controls of BP, lipids and glycemia,
along with treatment advancements.
It is important to report the incidence of

ESRD in other ethnicities, and to explore the
effect of the year of T1DM diagnosis on inci-
dent ESRD, together with modifiable risk
factors. In this study, we performed a
large-scale prospective long-term observa-
tional cohort study with youth-onset patients
with T1DM diagnosed from 1961 to 1999 in
Japan, with an aim to test the hypothesis of

Key messages

▪ We report that incidence of ESRD of type 1 dia-
betes has been decreased over time in Japan.

▪ Time-dependent Cox regression analysis revealed
that ESRD incidence was associated with HbA1c,
systolic blood pressure, baseline proteinuria and
year of diagnosis of type 1 diabetes.

▪ The improved incidence of ESRD as compared to
other cohorts is discussed.
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whether year of T1DM diagnosis is associated with inci-
dent ESRD. We explored whether the incidence of ESRD
in T1DM decreased over time, and how the baseline
characteristics and risk factor management during the
follow-up were associated with incident ESRD.

RESEARCH DESIGN AND METHODS
Study population
The study included 1014 participants with T1DM (372
males, 642 females) who were diagnosed before the age
of 30 years from 1961 to 1999, and attended a tertiary
diabetes care clinic—the diabetes center of Tokyo
Women’s Medical University (TWMU)—consecutively
from 1961 to 1999. To test the hypothesis of whether the
year of T1DM diagnosis was associated with incidence of
ESRD, patients were divided into two groups by the
median of the number of participants, that is, diagnosis
of T1DM from 1961 to 1984 (group A, n=529) and from
1985 to 1999 (group B, n=485). Those with T1DM who
did not continue their visits for more than 1 year
(n=263) were not included, because these patients only
visited, at most, once or twice for the purpose of special-
ist consultation. Patients who already had ESRD, devel-
oped ESRD within the 1 year after the registry (n=18),
or developed ESRD due to non-diabetic renal disease
(n=3), were excluded. There was a systematic reconstruc-
tion in the TWMU, in which participants with T1DM
who visited the Department of Pediatrics before 1987
were included in the records of the diabetes center and
those after 1988 were not included. T1DM was diag-
nosed in accordance with the Japan Diabetes Society
( JDS) criteria, as previously reported.7 In brief, T1DM
was defined as being prone to ketosis with acute onset
and requiring insulin therapy within 1 year of diagnosis.
Two or more physicians belonging to the JDS classified
the disease type. Assessments of serum C-peptide and
antiglutamic acid decarboxylase (GAD) antibody levels
were performed after these tests became available, to
help support the diagnosis of T1DM; however, the
patients who were GAD antibody-positive, but did not
require insulin therapy for more than 1 year, were
excluded in the present study, from a clinical point of
view. The study was performed in accordance with the
tenets of the Helsinki Declaration II.

Measurements
Blood pressure (BP) was measured at each visit by sphyg-
momanometer with an appropriate-sized cuff in the
sitting position after resting for more than 5 min.
Glycated haemoglobin (HbA1c) was measured by the
mini-column method (Isolab (Quik-Sep), Akron, Ohio,
USA) in 1980–1981, by the glycospec method (Abbott
(ABA-200), North Chicago, Illinois, USA) in 1982 and
by the high performance liquid chromatography
method (HPLC; HA8120, HA8121, HA8131, HA8150,
HA8160, HA8180: ARKRAY, formerly Kyoto Daiichi
Kagaku, Kyoto, Japan) from 1983 to date. The values

gathered using the mini-column method (x1) and the
glycospec method (x2) were converted to HPLC (y)
values using the formula (y)=((x1)+0.302)/1.179
(r=0.990), (y)=((x2)+2.151)/1.332 (r=0.855), and all
values were expressed as HbA1c values (as % and
mmol/mol) certified by the American National
Glycohemoglobin Standardization Program. Patients
visited the clinic monthly or bimonthly, and the average
values of BP and HbA1c of each year were used for ana-
lysis. Urinary protein was measured by Albustix
(Miles-Sankyo, Tokyo), and proteinuria was defined as
three of four consecutive tests being positive in the
absence of menstruation, urinary tract infection or other
known non-diabetic renal disease. Diabetic retinopathy
was diagnosed after pupillary dilation by ophthalmolo-
gists. Cardiovascular disease included coronary artery
disease, ischemic stroke, and peripheral artery disease.
Usage of renin angiotensin system inhibitor (RASI) or
statin at baseline and follow-up, and current smoking at
follow-up, were obtained through the patient records.

Follow-up
ESRD was defined by the initiation of renal replacement
therapy, that is, hemodialysis, peritoneal dialysis or
kidney transplantation, or death from diabetic kidney
disease due to refusal or no access to dialysis. The time
was calculated from the date of registration at the dia-
betes center until either the date of ESRD, death or the
end of observation (December, 2010). For participants
who were censored, the final date of visit, being alive
and free of ESRD, was used for analysis. For patients
who moved to other cities/hospitals (n=89), a question-
naire was sent to the doctor who took care of the
patient.

Statistical analysis
Data are expressed as the mean±SD unless otherwise
stated. The year of T1DM diagnosis was analyzed both
categorically (two groups, A and B), and as a continuous
variable (per year). For comparisons between two
groups, the unpaired Student’s t test for continuous vari-
ables and χ2 test for categorical variables were used. The
incidence density was presented as the number per 1000
person-years, based on the ratio of the observed number
of patients experiencing the event (cases) to the total
person-years of exposure (at risk). For patients who
developed an event (ESRD or death), the contribution
of person-years was accumulated until the year of onset
of the event. Those who remained free from an event
contributed to person-years until the end of follow-up
(December 2010). Those who had no ESRD and who
discontinued visits contributed to person-years until the
last clinic visit. A comparison of the incidence with the
rate ratio (RR) was performed using the χ2 test, and the
normal approximation after log-transformation was used
for the calculation of CIs. The cumulative incidence was
plotted using the Kaplan-Meier method with the
log-rank test statistic, according to years after
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registration, duration of T1DM, and postpubertal dur-
ation of T1DM (from 11 to9 years in males and females,
respectively).
Univariate and multivariate Cox regression analyses

were used to compute the HRs and 95% CI to assess the
effects of covariates on the onset of ESRD. The year of
T1DM diagnosis (group A and B), gender, baseline age
and duration of diabetes, were used as covariates in
model A, and baseline proteinuria and retinopathy were
added to model B1. Model B1 was modified to model
B2 by replacing the categorical group for year of T1DM
diagnosis (A and B) with year of T1DM diagnosis as a
continuous variable. Time-dependent Cox regression
analyses were applied to model C1, including annual
mean HbA1c and systolic BP as time-dependent vari-
ables and model C2 used year of T1DM diagnosis as a
continuous variable. For patients who were registered
before 1980, the first measured value of HbA1c in 1980
was used as the baseline value of HbA1c because the
HbA1c was not available before 1980.
To explore the cross effects of HbA1c and systolic BP

as time-dependent variables on incident ESRD, time-
dependent Cox regression analysis was used, adjusted by
the continuous variable of year of T1DM diagnosis,
gender and baseline status of age, duration, proteinuria
and retinopathy as covariates. For this analysis, patients
were divided into high/low groups of HbA1c and systolic
BP by the median values of HbA1c and systolic BP
obtained from the entire follow-up period, and the
group with low HbA1c and low systolic BP was used as a
reference. All statistical analyses were performed using
SAS software, V.9.4 (SAS Institute, Inc, Cary, North
Carolina, USA).

RESULTS
Baseline clinical characteristics of the subjects
Table 1 shows the clinical characteristics of the 1014 par-
ticipants, according to the year of T1DM diagnosis.
While gender, age and HbA1c at baseline were similar
between the two groups, group B had significantly
shorter duration, less proteinuria and retinopathy, and
lower systolic BP than group A.

Results of follow-up
The ESRD and death status as of December 2010 was
confirmed in 895 patients (88.3%), and the remaining
119 patients were censored (table 1). The ascertainment
rates were similar between group A and B. Group B had
significantly lower mean values of HbA1c and systolic BP
during follow-up, and lower proportion of RASI and
statin use. As shown in figure 1A, cumulative incidence
(95% CI) of ESRD at 25 years of observation was 11.7
(9.5 to 13.9)% in group A and 3.0 (2.9 to 3.1)% in
group B (p<0.001 by log-rank test). Table 1 shows that,
as compared with group A, group B had significantly
lower incidences of ESRD, all-cause death, and ESRD or
death (RR (95% CI) 0.16 (0.06 to 0.37), p<0.0001; 0.47

(0.25 to 0.83), p<0.01; 0.34 (0.20 to 0.56), p<0.0001,
respectively). Of the 44 patients in group A and 4 in
group B with proteinuria at baseline, 24 (55%) and 3
(75%) developed ESRD, respectively. No patient died
due to ESRD because of refusal or no access to dialysis.
Since death without ESRD did not differ between the
groups (RR (95% CI) 0.63 (0.32 to 1.18), p=0.13), the
lower incidence of ESRD in group B was unlikely to
have been confounded by preceding death. There were
five patients who developed cardiovascular disease (4 in
group A and 1 in group B) before developing ESRD.
Cumulative incidence of ESRD according to the dur-
ation of T1DM and post-pubertal duration of T1DM are
plotted in figure 1E, F, showing identical results to those
of figure 1A.
Figure 2 shows the annual mean HbA1c and systolic

BP change of each patient as trajectories, for patients
who developed ESRD in the right panel, and for those
who did not in the left panel. Patients who developed
ESRD exhibited very high HbA1c levels for the first 10
or more years followed by the decline, with sustained or
increasing high systolic BP levels throughout.

Cox regression analyses to explore variables associated
with incident ESRD
Table 2 shows the univariate and multivariate Cox
regression analyses exploring the effect of variables on
the onset of ESRD. The year of T1DM diagnosis, as a
categorical variable, was significantly associated with
onset of ESRD independent of the effects of gender, age
and duration at baseline. After adjustment for baseline
proteinuria and retinopathy, year of T1DM diagnosis, as
a categorical variable, became non-significant (model
B1), but remained significant as a continuous variable
(model B2). The time-dependent variables of HbA1c
and systolic BP were both significantly associated with
onset of ESRD, and the effect of year of T1DM diagno-
sis, as a categorical variable, was cancelled out (model
C1), while the year of T1DM diagnosis, as a continuous
variable, showed borderline significance (model C2).
The cross effects of high/low HbA1c and high/low sys-

tolic BP indicated that, compared to the low HbA1c/low
systolic BP group as a reference, high HbA1c/high sys-
tolic BP, followed by low HbA1c/high systolic BP, exhib-
ited significantly higher risk for onset of ESRD (HR
(95% CI) 10.82 (1.43 to 81.8), p<0.05; 8.41 (1.11 to
63.6), p<0.05, respectively), whereas high HbA1c/low
systolic BP was not significant ((HR (95% CI) 5.47 (0.06
to 45.3), p=0.12).

Conclusions
In this study, we tested the hypothesis of whether inci-
dence of ESRD in T1DM is improved by year of T1DM
diagnosis. Based on 1014 patients, with a mean of
19 years of observation and 88% follow-up rate, the inci-
dence of ESRD in recently diagnosed T1DM (diagnosed
in 1985–1999; group B) was significantly lower than that
in group A (diagnosed in 1961–1984). The significantly
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lower incidence in group B was not precluded by pre-
ceding death. Lower systolic BP in group B, both at base-
line and during follow-up and lower HbA1c during

follow-up, may reflect the advances in treatment with
new techniques, including self-monitoring of blood
glucose, long-term monitoring of glycemic control by

Table 1 Baseline features and results of follow-up including follow-up rate, data at follow-up, number of cases who

developed ESRD and are deceased, and incidence density of ESRD and death in Japanese patients with T1DM according to

the year of T1DM diagnosis

Overall Year of T1DM diagnosis

(N=1014)

(A) 1961–1984

(N=529)

(B) 1985–1999

(N=485) p Value

Male (%) 372 (36.7) 201 (38.0) 171 (35.3) NS

Age at baseline (years) 19.7±8.4 19.3±9.3 20.0±7.3 NS

Age at diagnosis (years) 14.6±7.7 11.8±7.1 17.6±7.1 <0.0001

Calendar year of baseline <1980, N (%) 162 (16.0) 162 (30.6)

1980–1989, N (%) 312 (30.8) 214 (40.5) 98 (20.2) <0.0001

1990–1999, N (%) 540 (53.3) 153 (28.9) 387 (79.8)

Duration of diabetes at baseline (years) 5.1±6.1 7.5±7.1 2.4±3.1 <0.0001

Proteinuria at baseline, N (%) 48/977 (4.9) 44/507 (8.7) 4/470 (0.9) <0.0001

Retinopathy at baseline, N (%) 218/961 (22.7) 184/499 (36.9) 34/462 (7.4) <0.0001

HbA1c at baseline (%, mmol/mol)* 10.4±2.8 (90±24) 10.6±2.6 (92±23) 10.2±2.9 (91±23) NS

Systolic BP at baseline (mm Hg) 112.8±14.9 115.5±15.5 109.9±13.6 <0.0001

RASI use at baseline, N (%) 3/1006 (0.3) 3/518 (0.6) 0/488 (0.0) NS

Statin use at baseline, N (%) 2/1008 (0.2) 1/518 (0.2) 1/490 (0.2) NS

Status confirmed for ESRD and death (N, %) 895 (88.3) 471 (89.0) 424 (87.4) NS

Year of follow-up (years) 19.3±9.0 22.7±10.1 15.6±5.6 <0.0001

Age at the end of follow-up (years) 38.9±9.6 42.0±9.6 35.6±8.5 <0.0001

Mean values of HbA1c during the follow-up

(%, mmol/mol))

8.6±1.4 (70±12) 8.8±1.4 (73±12) 8.4±1.4 (68±12) <0.0001

Mean values of systolic BP during follow-up (mm Hg) 121.4±10.5 123.0±10.9 119.7±9.8 <0.0001

RASI use at follow-up, N (%) 187/984 (19.0) 126/508 (24.8) 61/476 (12.8) <0.0001

Statin use at follow-up, N (%) 108/985 (11.0) 71/510 (13.9) 37/475 (7.8) <0.01

Current smoker at follow-up, N (%) 189/804 (23.5) 109/465 (23.2) 81/339 (23.9) NS

ESRD (N, %) 66 (6.5) 60 (11.3) 6 (1.2) <0.0001

Person-years of follow-up for ESRD 19 531 11 986 7545

Incidence of ESRD (95% CI, /1000 person-years) 3.4 (2.6 to 4.3) 5.0 (3.8 to 6.4) 0.8 (0.3 to 1.7)

RR (95% CI) 1.0 0.16 (0.06 to 0.37) <0.0001

All-cause death (N, %) 72 (7.1) 56 (10.6) 16 (3.3) <0.0001

Person-years of follow-up for death 21 617 13 410 8207

Incidence of all-cause death (95% CI, /1000

person-years)

3.3 (2.6 to 4.2) 4.2 (3.2 to 5.4) 1.9 (1.1 to 3.2)

RR (95% CI) 1.0 0.47 (0.25 to 0.83) <0.01

Death without ESRD (N, %) 52 (5.1) 37 (7.0) 15 (3.1) <0.01

Person-years of follow-up for death without ESRD 20 968 12 796 8172

Incidence of death without ESRD (95% CI, /1000

person-years)

2.5 (1.9 to 3.3) 2.9 (2.0 to 4.0) 1.8 (1.0 to 3.0)

RR (95% CI) 1.0 0.63 (0.32 to 1.18) 0.13

ESRD or death (N, %) 118 (11.6) 97 (18.3) 21 (4.3) <0.0001

Person-years of follow-up for ESRD or death 19 534 11 985 7549

Incidence of ESRD or death (95% CI, /1000

person-years)

6.0 (5.0 to 7.2) 8.1 (6.6 to 9.9) 2.8 (1.7 to 4.2)

RR (95% CI) 1.0 0.34 (0.20 to 0.56) <0.0001

ESRD (N, %) 66 (6.5) 60 (11.3) 6 (1.2) <0.0001

Person-years of duration of T1DM for ESRD 24 777 16 071 8706

Incidence of ESRD (95% CI, /1000 person-years) 2.7 (2.1 to 3.4) 3.7 (2.9 to 4.8) 0.69 (0.25 to 1.5)

RR (95% CI) 1.0 0.18 (0.07 to 0.43) <0.0001

*The values of HbA1c in group A are shown either at baseline or at the initial consultation in 1980.
BP, blood pressure; ESRD, end-stage renal disease; HbA1c, glycated haemoglobin; RASI, renin angiotensin system inhibitor; RR, rate ratio;
T1DM, type 1 diabetes mellitus.
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HbA1c, basal-bolus insulin treatment and the use of
insulin pen devices, matched by improvements in BP
control with aggressive antihypertensive treatment,
including RASI. These have likely contributed to the
improved incidence of ESRD, while less complicated
clinical features at baseline in group B also reflected the
calendar year effect.
Several epidemiological observational studies have

investigated the cumulative incidence or incidence
density of ESRD in T1DM. In 1075 patients diagnosed
with T1DM from 1965 to 1979 in Allegheny County,
Pennsylvania, USA, 104 developed ESRD, with an inci-
dence of 5.2 (95% CI 4.2 to 6.2) per 1000 person-years,
in which the cumulative incidence at 20 years of T1DM
decreased from 9.1% in those diagnosed in 1965 to
3.6% in those diagnosed in 1975.8 However, their study

could not trace the status of ESRD in 277 (25.8%)
patients. In 906 patients with T1DM of the Pittsburgh
Epidemiology of Diabetes Complications Study, the
cumulative incidences at 25 years of T1DM were 25%,
22%, 12% and 5% in those diagnosed in the 1950s,
1960s, 1965s and 1970s, respectively.9 Again, 143
(15.8%) patients were described as predeceased. Among
the 996 patients with T1DM in the Wisconsin
Epidemiologic Study of Diabetic Retinopathy cohort, the
cumulative incidences of ESRD at 25 years of observa-
tion were 18.8% and 9.3% in those diagnosed in 1922–
1969 and 1970–1980, respectively.10 These result were
derived from 514 (51.6%) patients. The Finnish
National Registry cohort was a landmark study including
almost all patients with T1DM from onset of T1DM until
the incident ESRD.6 That study surveyed 20 005 patients

Figure 1 Cumulative incidence of (A) ESRD, (B) all-cause death, (C) all-cause death without ESRD and (D) ESRD or all-cause

death in patients with T1DM diagnosed in 1961–1984 (group A) and 1985–1999 (group B), by years of observation. The

cumulative incidences of ESRD were plotted according to (E) duration of T1DM and (F) post-pubertal duration. ESRD, end-stage

renal disease; T1DM, type 1 diabetes mellitus.
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with a median follow-up of 16.7 years, and the incidence
densities of ESRD were 3.76, 2.56, 1.91 and 0.37 per
1000 person-years in those diagnosed in 1965–1969,
1970–1974, 1975–1979 and 1980–1999, respectively6

(with personal communication). On the other hand, a
national registry survey in Taiwan indicated that the inci-
dences of ESRD in 7203 patients with T1DM were 6.89,
4.32 and 2.76 per 1000 person-years in those registered
with ESRD in 1999–2002, 2003–2006 and 2007–2010,
respectively;11 while only the end point of ESRD was
registered in their study, and the laboratory data and
clinical course of T1DM were not followed. These epi-
demiological studies mentioned above suggested a
decreasing trend of incident ESRD over time; however,
the methods of data collection, result expression and
follow-up rates varied enormously among the studies.
The Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and
Complications (DCCT/EDIC) cohort, as a result of the
clinical trial being translated in the clinical practice seen
by local physicians, reported rates of ESRD after 25 years
duration were 2% and 1%, in the conventionally and
intensively managed groups, respectively.12

The reduced incidence of ESRD in T1DM may be a
result of reduced cumulative incidence of diabetic
nephropathy over time, as shown in our study,13 which is
consistent with other studies.14 15 The effect of glycemic
control on the prevention/delay of the onset of

proteinuria in T1DM has been previously demonstrated,
including the effect of long-term HbA1c on the onset of
macroalbuminuria.16 The better glycemic control is
likely brought about by the advancements in treatment.
While some previous studies failed to observe an effect
of glycemic control on the slowing of renal function loss
in type 2 diabetes mellitus (T2DM with proteinuria,17 18

recent studies reported the effect of glycemic control on
the decline in glomerular filtration rate (GFR) in T1DM
with proteinuria.2 19 20 Intensive insulin therapy in
T1DM was associated with a significant risk reduction of
GFR loss and onset of ESRD in the DCCT/EDIC.21

It should be acknowledged in the present study that
duration of T1DM at baseline varied; some patients were
registered at onset of T1DM, and some were registered
long after the T1DM onset. Therefore, the ascertain-
ment of patients included both, incident and prevalent
cases. However, this study design is necessary for such
observational epidemiological studies, in which very
long-term follow-up and large-scale patient populations
are required to observe the onset of proteinuria and
development of ESRD. At baseline, 44 patients with pro-
teinuria were included in group A and 4 in group B,
and 24 (55%) and 3 (75%) of them developed ESRD,
respectively. Time-course observations of albuminuria
excretion rates were unable to be included in this study;
however, remission of proteinuria may have occurred in
some patients, because recent reports have indicated

Figure 2 Trajectories of HbA1c changes and systolic BP changes by years of observation. (A and C) Patients who did not

develop ESRD; (B and D) those who developed ESRD during follow-up. Medians and IQRs are depicted. BP, blood pressure;

ESRD, end-stage renal disease; HbA1c, glycated haemoglobin.
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Table 2 Cox regression analysis to explore the effect of year of T1DM diagnosis (categorical or continuous), gender, age at baseline (per year), duration of T1DM at

baseline (per year), proteinuria and retinopathy at baseline, mean values of HbA1c (per %) and systolic BP (per mm Hg) during follow-up, and time-dependent variables of

annual mean HbA1c (per %) and systolic BP (per mm Hg) at onset of ESRD

Multivariate analysis

Univariate analysis Model A Model B1 Model B2 Model C1

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Year of diagnosis

Categorical (B vs A) 0.17 (0.07 to 0.40) <0.001 0.26 (0.10 to 0.64) <0.01 0.52 (0.19 to 1.40) 0.19 0.61 (0.22 to 1.66) 0.33

Continuous per year 0.91 (0.88 to 0.93) <0.001 0.95 (0.92 to 0.99) 0.02

Male vs female 0.75 (0.45 to 1.26) 0.27 0.91 (0.54 to 1.52) 0.71 0.59 (0.32 to 1.09) 0.09 0.60 (0.33 to 1.12) 0.04 0.53 (0.28 to 0.98) 0.04

Age at baseline 1.09 (1.06 to 1.12) <0.001 1.06 (1.03 to 1.09) <0.001 1.05 (1.02 to 1.09) <0.01 1.06 (1.02 to 1.08) <0.01 1.02 (0.99 to 1.06) 0.24

Duration of diabetes 1.13 (1.09 to 1.16) <0.001 1.06 (1.01 to 1.10) 0.01 0.95 (0.89 to 1.02) 0.16 0.95 (0.89 to 1.01) 0.11 0.97 (0.91 to 1.04) 0.42

Proteinuria 22.5 (12.8 to 39.6) <0.001 12.1 (6.0 to 24.3) <0.001 12.1 (6.1 to 24.1) <0.001 7.79 (3.89 to 15.6) <0.001

Retinopathy 6.52 (3.7 to 11.41) <0.001 2.44 (1.11 to 5.36) 0.03 2.04 (0.91 to 4.58) 0.08 2.15 (0.96 to 4.80) 0.06

Mean HbA1c 1.81 (1.58 to 2.07) <0.001

Mean systolic BP 1.07 (1.05 to 1.10) <0.001

HbA1c* 1.13 (1.00 to 1.28) 0.014 1.23 (1.04 to 1.46) 0.01

Systolic BP* 1.07 (1.06 to 1.08) <0.001 1.05 (1.03 to 1.07) <0.001

Model C2

HR (95% CI) p Value

Year of diagnosis

Continuous per year 0.97 (0.93 to 1.01) 0.09

Male vs female 0.55 (0.30 to 1.03) 0.06

Age at baseline 1.02 (0.99 to 1.06) 0.22

Duration of diabetes 0.97 (0.90 to 1.04) 0.32

Proteinuria 7.65 (3.84 to 15.3) <0.001

Retinopathy 1.94 (0.86 to 4.39) 0.11

HbA1c* 1.21 (1.02 to 1.44) 0.03

Systolic BP* 1.05 (1.03 to 1.07) <0.001

*HbA1c and systolic BP values were analyzed as time-dependent variables.
Values entered in the multivariate analysis were as follows
BP, blood pressure; ESRD, end-stage renal disease; HbA1c, glycated haemoglobin; T1DM, type 1 diabetes mellitus.
Model A: year of diagnosis as a categorical variable, gender, age and duration of diabetes at baseline.
Model B: year of diagnosis as a categorical (B1) and continuous (B2) variable, gender, age, duration of diabetes and proteinuria and retinopathy at baseline.
Model C: year of diagnosis as a categorical (C1) and continuous (C2) variable, gender, age, duration of diabetes, proteinuria and retinopathy at baseline, and time-dependent variables of HbA1c
and systolic BP.
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that remission of persistent proteinuria was observed in
T1DM22 and T2DM,23–26 due to the advancement in
treatment for aggressive BP and glycemic control. The
remission of proteinuria is associated with preservation
of renal function and reduces risk of ESRD.22–26 We
believe that the present time-dependent Cox regression
analysis, accounting for these important factors, supports
the improved secular trend of ESRD over time.
There are some limitations to the present study. In

Japan, every patient undergoing dialysis therapy is regis-
tered with the Japanese Society for Dialysis Therapy, and
the cost is covered by the national public health insur-
ance system; however, specific information on individuals
and registered data cannot be used for epidemiological
research. Second, because the diabetes care and treat-
ment for modifiable risk factors at the diabetes center, a
tertiary diabetes clinic, may be better than that generally
received by patients, the outcomes in our study may
underestimate the risks elsewhere.7 However, the treat-
ment advances with new techniques are universal. Third,
there were some missing data, such as baseline protein-
uria and retinopathy and RASI use at follow-up,
although these were in less than 5% of the cohort.
Smoking data were only obtained in 80% of patients;
however, the proportion of smokers at follow-up was
approximately the same between groups A and
B. Fourth, use of RASI at follow-up was higher in group
A than in group B, which is contrary to the known renal
protective effect. Higher BP levels and use of RASI
observed at follow-up in group A may reflect the poorer
health and increased comorbidities of patients requiring
RASI. Higher use of statin at follow-up in group A may
be due to the same reason. Fifth, the first measured
HbA1c value in 1980, in patients registered before 1980,
was used as the baseline HbA1c value, because it was not
available before 1980. Glycemic control before 1980 was
likely poorer than that in 1980; thus the risk may be
underestimated. Finally, we should acknowledge that
patient characteristics including age at onset of T1DM,
duration of T1DM, and complications, were different
between the groups, partly because participants who
visited the Pediatric Department were not included after
1988 due to systematic reconstruction. The strength of
this study is that a large number of patients were fol-
lowed from the age of 19 to 20 years for a mean of
19 years, with 88% of patients followed until the end of
the study, and the remaining patients were confirmed to
be free of event up until their last visit. The present find-
ings may be noteworthy, because research on the inci-
dence of ESRD in T1DM diagnosed after 1985,
including the annual changes of glycemic and BP values
over time, has been scarce.
In conclusion, our data indicate that incidence

of ESRD is decreasing over time, coinciding with
enhanced control of modifiable risk factors, such as
glycemia and BP. The incidence of ESRD in recently
diagnosed T1DM appears to be much lower than previ-
ously reported.
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