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OBJECTIVE

A common belief is that only a minority of patients with type 1 diabetes (T1D)
develop advanced kidney disease and that incidence is higher among men and
lower in those diagnosed at a younger age. However, because few patients with
T1D survived to older ages until recently, long-term risks have been unclear.

RESEARCH DESIGN AND METHODS

We examined the 50-year cumulative kidney complication risk in a childhood-onset
T1D cohort diagnosed during 1950–80 (n = 932;mean baseline age 29 years, duration
19 years). Participants comprised 144 who died prior to baseline, 130 followed with
periodic surveys, and 658 followed with biennial surveys and a maximum of nine
examinations for 25 years.Micro- andmacroalbuminuriawere defined as analbumin
excretion rate of 20–199 and‡200mg/min, respectively, and end-stage renal disease
(ESRD) was defined as dialysis or kidney transplantation. Cumulative incidence was
estimated at 10-year intervals between 20 and 50 years, duration and compared by
calendar year of diabetes onset.

RESULTS

By 50 years, T1D duration, ESRD affected 60% of the cohort; macroalbuminuria, 72%;
andmicroalbuminuria, 88%. Little evidence existed for declines in cumulative incidence
in recent cohorts, except for ESRD (microalbuminuria 3% increase,macroalbuminuria
no change; ESRD45%decrease by40years of T1Dduration). Onset before age6 years
was associated with the lowest risk; incidence generally did not differ by sex.

CONCLUSIONS

Some degree of kidney disease in T1D is virtually universal at long durations and not
declining,whichhasmajor implications for formulatinghealthcareandresearchstrategies.
ESRDhasdeclined,butcontinues toaffect>25%of the populationby 40 years, duration.

Nephropathy is commonly believed to eventually affect 30–40%of patients with type 1
diabetes (T1D) (1). Clinical trials have provided evidence for a protective effect of ACE
inhibitors/angiotensin receptor blockers against the progression of kidney disease
among individuals with diabetes and proteinuria (2–4). Since the 1980s, results from
these trials have contributed to the wide adoption ofmedications that block the renin-
angiotensin systemwith the hope of reducing the incidence and progression of kidney
disease in diabetes. However, debate continues about whether the incidence of end-
stage renal disease (ESRD) has declined despite these efforts, especially in the T1D
population (5–8).
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Controversy also surrounds the hy-
pothesis that onset of T1Dbefore puberty
(9–13) or, as others have suggested, be-
fore 5–6 years of age (14–18) delays the
development of chronic diabetes compli-
cations, including kidney disease. Propo-
nents of a protective effect of an earlier,
prepubertal diabetes onset have pro-
posed that hormonal and body composi-
tion changes during puberty, along with
their associated dysglycemia and insulin
resistance, may be factors contributing to
an increased risk for diabetes complica-
tions (9,19,20). Thus, in a small Swedish
study of pubertal girls with T1D, elevated
androgen levelswere observedwith prev-
alent microalbuminuria, although signifi-
cance was lost after adjustments (21).
In the Oxford Regional Prospective Study,
higher HbA1c, lower IGF-I, and elevated
androgen concentrations were associ-
ated with the development of microalbu-
minuria during puberty in adolescents
with T1D (22). In the latter study, insulin
doses were similar by microalbuminuria
status despite higher HbA1c among inci-
dent case subjects, suggesting either the
presence of insulin resistance among case
subjects or poor diabetes management.
Nevertheless, not all investigations concur
that prepubertal diabetes confers reno-
protection or that a pubertal diabetes di-
agnosis comes with an increased risk for
complications (23–26). A potential reason
for discrepancies in research findingsmay
relate to differences in the age ranges
compared across studies, the variable
length of follow-up, and the difficulty of
disentangling the effects of age at diabe-
tes onset from those of chronological age
and/or duration of diabetes, especially in
cohorts of childhood-onset T1D where
these three factors are closely interre-
lated. This is because individuals diag-
nosed with T1D at a younger age will, by
definition, be younger at any diabetes
duration.
A somewhat related disagreement in-

volves the risk associated with sex and
whether the effect of sex is modified by
the age at diabetes onset. Thus, although
insulin sensitivity is reduced in children
with T1D compared with control subjects
regardless of pubertal status (27), girls are
disproportionally affected by vascular risk
factors during the pubertal period (e.g.,
adiposity, insulin resistance) (28). These
findings suggest that if the diagnosis of
T1D occurs in puberty, girls may be at
a greater risk for subsequent vascular

complications than boys. Indeed, the
aforementioned increase in androgens
with microalbuminuria during puberty
was more striking among female than
male adolescentswith T1D (22). However,
data on sex differences in kidney disease
risk have been mixed. A greater likelihood
of developing microalbuminuria among
girls was previously suggested in four co-
hort studies (14,26,29,30). In Finland, no
sex differences in the cumulative inci-
dence of ESRD were reported within an
overall cohort of individuals diagnosed
with T1D at ,30 years of age (17), yet a
greater risk in men than women was
noted among those diagnosed with T1D
after 10 years of age (13). In a Swedish
study, an increased ESRD risk in men was
seen among those diagnosed between
age 20 and 34 years (12). In previous anal-
yses, we noted that the excess of kidney
disease cases in males observed in the
earlier diagnosis cohort (1950–64) was
eliminated in the younger cohort (1965–
80), although we did not evaluate the
effects of age at diabetes onset (31).
Having now accumulated .25 years of
follow-up, representing up to 50 years
of diabetes durationwithin the Pittsburgh
Epidemiology of Diabetes Complications
(EDC) study, we assessed the long-term
cumulative kidney complications risk in
childhood-onset T1D to further address
theeffectsofageatonset, sex, anddiagnosis
cohort.

RESEARCH DESIGN AND METHODS

The Pittsburgh EDC study is a representa-
tive, prospective investigation of incident
cases of childhood-onset T1D diagnosed,
or seen within 1 year of diabetes diagno-
sis, at Children’s Hospital of Pittsburgh
(32). Eligibility for participation comprised
havingbeendiagnosedwith T1Dbetween
1950 and 1980 and residing within 100
milesor2.5h fromPittsburgh, Pennsylvania.
Of 1,124 eligible participants, 145 (12.9%)
died before the study baseline (1986–
88), 191 (17%) declined participation,
130 (11.6%) only provided survey infor-
mation, and 658 (58.5%) participated in
biennial assessments. Death certificates
were obtained for 144 (99%) of the
145 predeceased individuals. Analyses
for the cumulative incidence of micro-
and macroalbuminuria were restricted
to participants who attended the biennial
clinical examinations during the 25-year
follow-up (n = 658). For reduction of the
effect of survival bias, analyses pertaining

to the risk of ESRDalso includedparticipants
who only provided survey data (n = 130)
and the 144 predeceased individuals for
whom a death certificate was available.

Urinaryalbuminwasmeasuredby immu-
nonephelometry (33). Microalbuminuria
was defined as an albumin excretion rate
(AER)of20–200mg/min (30–300mg/24h)
andmacroalbuminuriaasAER.200mg/min
(.300 mg/24 h) in at least two of three
validated timed biennial urine collec-
tions. Persistent microalbuminuria also
was assessed and defined as the presence
of microalbuminuria in two consecutive
biennial examinations or initiation of ACE
inhibitor/angiotensin receptor blocker
therapy. Onset of ESRD was defined as
starting dialysis or undergoing kidney
transplantation. For predeceased individ-
uals, given the lack of more detailed
information, a mention of kidney failure
on the death certificate was used to deter-
mine ESRD status, and the onset of ESRD
was assumed to equal the duration of di-
abetes at death. Because information on
the actual timing of ESRD onset was not
widely available among the predeceased
individuals, we also assessed the com-
bined outcome of ESRD and all-cause
mortality in a sensitivity analysis. The def-
initions of micro- and macroalbuminuria
include those who later progressed to
ESRD.

Statistical Analysis
Participant characteristics were evalu-
ated by diabetes diagnosis year (before
or after 1 January 1965) by using x2 tests
for classification variables and Student
t test for continuous variables. The cumu-
lative incidence of kidney complications
was then assessed by diabetes diagnosis
year, diabetes duration, sex, and age at
diabetes onset by using x2 or Fisher
exact test, as appropriate. Participants
were categorized according to an age at
onset of ,6 years, 6–11 or 12 years (for
girls and boys, respectively, to represent
puberty onset), and $11 or 12 years.
Logistic regression models also were used
to evaluate whether age at onset of T1D
(as a continuous and, in separate models,
as a classification variable) and sex were
associated with the cumulative risk of kid-
ney complications at specific diabetes
durations, ranging from 20 to 50 years in
10-year intervals. Models were adjusted
for chronological age and stratified by di-
agnosis cohort. Analyses for the 1950–64
diagnosis cohort were not conducted at
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20 years’ duration because very few par-
ticipants had data available. In addition,
analyses for the 1965–80 cohort were not
conducted at 50 years’ duration because
very few individuals had reached that du-
ration by the 25-year study follow-up. All
statistical analyses were conducted with
SAS 9.4 software (SAS Institute, Cary, NC).

RESULTS

The composition and demographic char-
acteristics of the EDC cohort used in this
analysis are listed in Table 1. Of the total
sample of 932, almost 58.2% were di-
agnosed between 1965 and 1980. As
expected, agreaterproportionof individuals
who died before study initiation were
diagnosed with T1D before 1965, whereas
themajority of survey-only and examined
participants received a T1D diagnosis
within or after 1965. The mean age of
the entire cohort at study initiation was
27.4 years, and the mean age at diabetes
onset was 8.7 years. The age at diabetes
onset was slightly greater in the more
recent diagnosis cohort (8.6 vs. 8.0; P =
0.02), as was the proportion of women
(52.2 vs. 45.9; P = 0.06), whereas chrono-
logical age was lower (23.3 vs. 33.0; P ,
0.0001). Themajority of participantswere
Caucasian, with only ;3% being Afri-
can American regardless of diagnosis
cohort.
The cumulative incidences of micro-

and macroalbuminuria, ESRD, and the
combined outcome of ESRD and all-cause
mortality by diabetes diagnosis year
(before and within or after 1965) and
T1D duration are shown in Table 2. Re-
sults for persistent microalbuminuria
were notably similar to those for any
microalbuminuria, despite the smaller

sample size available for analysis, and
thus results forpersistentmicroalbuminuria
are not presented here. The cumulative in-
cidence of all four outcomes increasedwith
longer diabetes duration. More than one-
half of this T1D cohort was affected by
microalbuminuria by 20 years of diabetes
duration, reaching88%by50years. Similarly,
high rates were observed for macroalbumi-
nuria, ranging from.27% at 20 years’ du-
ration to almost 72% by 50 years’. The
cumulative incidence of both ESRD and
ESRD/mortality also dramatically increased
with longer duration of diabetes, exceeding
61% and 75%, respectively, by 50 years.

Figure 1A–D depicts the cumulative in-
cidence of kidney disease by age at onset
and duration of T1D. Generally, a lower
risk of micro- and macroalbuminuria
was observed with a diabetes diagnosis
before 6 years of age, although this as-
sociation diminished at longer diabetes
durations because a greater proportion
of participants developed increased
proteinuria. A younger age at diabetes
onset was also associated with a lower
cumulative incidence of both ESRD and
ESRD/mortalitydassociations that were
apparent even at a duration of 50 years.
These graphs also emphasize the enormous
burden of kidney complications in the T1D
population. Thus, at a duration of 40 years,
thecumulative incidenceofmicroalbuminuria
among those at the lowest risk for developing
kidney complications (those diagnosed be-
fore the age of 6 years) was 77.2%; the cu-
mulative incidence of macroalbuminuria was
50.4%, ESRD 29.1%, and ESRD/mortality
42.0%.

As presented in Table 2, no reductions
wereobserved in the cumulative incidence
of either micro- or macroalbuminuria in

the post-1965 compared with the 1950–64
diagnosis cohort. Indeed, rates were sim-
ilar between the two cohorts at each du-
ration of T1D. On the contrary, significant
reductions were apparent in the cumula-
tive incidences of ESRD and ESRD/mortality
for thepost-1965 comparedwith the1950–
64 diagnosis cohort. Thus, ESRD incidence
was 58% and 45% lower in the more re-
cent diagnosis cohort by 30 and 40 years
of diabetes duration, respectively. For
ESRD/mortality, the reduction was 53%
and 35%, respectively.

Given our previous findings of an effect
modification of sex on kidney disease in-
cidence by diagnosis cohort (31), we as-
sessed the cumulative incidence of the
three outcomes of interest separately
for the 1950–64 and post-1965 diagnosis
cohorts. Again, a greater kidney disease
risk associated withmale sex appeared to
be restricted to participants diagnosed
with T1D between 1950 and 1964. Figure
1E–H shows results by sex and diagnosis
cohort at 30 and40 years of T1Dduration.

A detailed breakdownof cumulative in-
cidence by diabetes diagnosis year, sex,
and age at T1D onset also is shown in
Supplementary Table 1. In addition to
the aforementioned findings, the results
suggest that the greater kidney disease
risk among men was restricted to those
diagnosed with T1D between the ages of
6 and 11 (girls) or 12 (boys) years within
the 1950–64 interval.

Logistic regression models for an inde-
pendent effect of age at diabetes onset
on the cumulative risk of kidney complica-
tions suggested that a younger ageatonset
is associated with lower risk, even after
taking into account differences in chro-
nological age (Table 3). However, this as-
sociation was not as prominent for
microalbuminuria or for longer diabetes
durations and remained significant after
adjustment for age and sex only for ESRD
and ESRD/mortality. These associations
were similar regardless of whether age at
diabetes onset was used as a continuous
or a categorical variable. For brevity, Ta-
ble 3 shows results with age at onset
used as a continuous variable. Generally,
sex was not significantly associated with
kidney complications after adjusting for
age at onset and chronological age.

CONCLUSIONS

During a 25-year follow-up of individuals
with childhood-onset T1D, we observed
that kidney disease continues to affect

Table 1—Composition and demographic characteristics of the EDC cohort by T1D
diagnosis before and after 1965 at study entry (1986–1988)

Diabetes diagnosed in
1950–64 (n = 390)

Diabetes diagnosed in
1965–80 (n = 542) P value

Cohort composition
Predeceased 33.1 (129) 2.8 (15) ,0.0001
Survey only 9.5 (37) 17.2 (93)
Examined 57.4 (224) 80.1 (434)

Age at T1D onset (years) 8.0 (3.9) 8.6 (4.0) 0.02

Chronological age (years) 33.0 (7.6) 23.3 (5.6) ,0.0001

Female sex 45.9 (179) 52.2 (283) 0.06

Race/ethnicity
Caucasian 96.7 (376) 96.9 (525) 0.85
African American 3.3 (13) 3.1 (17)

Data are mean (SD) or percent (n).
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the majority of this population at longer
diabetes durations, with the cumulative
incidence of micro- andmacroalbuminuria
remaining essentially identical between
the older and more recent diagnosis co-
horts. Thus, although rates of ESRD and
ESRD/mortality dramatically declined
from the earlier (1950–64) to the more
recent (1965–80) diagnosis cohort,.26%
of the recent cohort still had a diagnosis
of ESRD and .39% were affected by
ESRD/mortality by 40 years of diabetes
duration. Of note, .60% of individuals
diagnosed with T1D during 1950–64
had a diagnosis of ESRD by 50 years’ du-
ration, while .75% had either been di-
agnosed with ESRD or died. These results
strongly support that the improvement in

ESRD rates reflects better management of
nephropathy rather than its prevention.
The findings also suggest that being diag-
nosed with T1D before 6 years of age
carries a lower risk of kidney disease devel-
opment, although this relationshipwas less
pronounced at longer diabetes durations.
Finally, men were more likely to develop
kidney disease only among those diagnosed
during 1950–64 and after the age of
6 years, whereas rates were similar by
sex in the more recent diagnosis cohort.

Earlier European studies provided evi-
dence that microvascular complications
still develop among individuals with
T1D at a young age, despite modern
means of disease management. Thus,
Olsen et al. (34) reported a prevalence

ofmicroalbuminuria of 13%among adults
with T1D in their early 20s with duration
of diabetes of ;12 years. Studies from
Sweden also provided evidence of incipi-
ent diabetic nephropathy affecting 18%
of young adults with T1D during the first
10–12 years of diabetes duration (7,35).
In the current cohort, .50% of partici-
pants diagnosed in the post-1965 era de-
veloped microalbuminuria by 20 years
of diabetes duration (when they were
in their late 20s/early 30s), while
macroalbuminuria was observed in
27.1%. In addition, the observation of
similar rates between the two diagnosis
cohorts with longer diabetes duration
also suggests that the incidence of albu-
minuria has not declined over time,

Table 2—The 25-year cumulative incidence ofmicroalbuminuria, macroalbuminuria, and ESRD by diagnosis cohort and duration
of T1D

Microalbuminuria Macroalbuminuria ESRD ESRD/mortality

1950–64 1965–80 1950–64 1965–80 1950–64 1965–80 1950–64 1965–80

Duration
of T1D

20 years d 54.7 (215/393) d 27.1 (105/388) 14.5 (53/366) 5.5 (27/491) 24.1 (94/296) 7.9 (40/505)

P, 0.0001 P, 0.0001
30 years 65.2 (122/187) 70.0 (254/363) 43.3 (87/201) 39.9 (127/318) 34.6 (111/321) 14.5 (63/435) 46.9 (182/388) 21.9 (104/474)

P = 0.26 P = 0.45 P, 0.0001 P, 0.0001
40 years 79.0 (169/214) 81.7 (188/230) 57.1 (113/198) 57.3 (102/178) 48.5 (145/299) 26.5 (62/234) 59.9 (232/387) 39.1 (108/276)

P = 0.46 P = 0.96 P, 0.0001 P, 0.0001
50 years 88.0 (176/200) d 71.8 (117/163) d 61.3 (165/269) d 75.1 (277/369) d

Data are % (n cases/total n).

Figure 1—Cumulative incidence of kidney complications by duration of T1D, age at onset (AON), diagnosis cohort, and sex. A: Cumulative incidence of
microalbuminuria (A), macroalbuminuria (B), ESRD (C), and ESRD/mortality (D) by AON and duration of T1D. Cumulative incidence of microalbuminuria
(E), macroalbuminuria (F), ESRD (G), and ESRD/mortality (H) by sex and diagnosis cohort at 30 and 40 years of T1D duration. yrs, years.
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notwithstanding the availability of pre-
vention regimens and treatment options
for kidney disease.
In the U.S., lower rates of micro- and

macroalbuminuria than observed in the
EDC study have been reported by Diabetes
ControlandComplicationsTrial/Epidemiology
of Diabetes Interventions and Complica-
tions (DCCT/EDIC) investigators (36,37).
However, important selection differences
apply to DCCT/EDIC that limit a direct
comparison with the EDC cohort. The cri-
teria for participation in the DCCT/EDIC
study included a maximum diabetes
duration of 5 years, age between 13 and
39 years, absence of complications at
baseline, and absence of major hyperten-
sion or hypercholesterolemia. Indeed, in
previous comparative analyses of the
DCCT/EDIC and the subset of the EDC co-
hort meeting DCCT recruitment criteria,
complication rates in the EDC and the DCCT/
EDIC conventional treatment group (in-
cluding nephropathy) were similar and, in
fact, marginally higher in DCCT/EDIC (38).
It is possible, however, that renopro-

tective medication use has produced de-
clines in the progression of diabetic
nephropathy to ESRD. Indeed, a reduc-
tion over time in the rates of ESRD as a
result of T1Dwas previously observed in a
study conducted based on data provided
by kidney registries in Europe, Canada,
andAustralia (39). Remarkably low cumu-
lative incidence rates for ESRD (,1% at
21 years of diabetes duration [11] and

merely exceeding 1% at 30 years’ dura-
tion [12]) were reportedby Swedish inves-
tigators in recent years. Moreover, the
mean age at onset of kidney replacement
therapy as a result of T1D increased by.3
years during 1995–2010 in Sweden,
whereas the number of patients requiring
such therapy decreased (40). In the EDC
study, the cumulative incidence of ESRD
declined dramatically in the more recent
(1965–80) compared with the earlier
(1950–64) diagnosis cohort by 62%,
58%, and 45% at 20, 30, and 40 years of
diabetes duration, respectively. However,
the cumulative incidence was still much
higher in the 1965–80 diagnosis cohort
(5.5%, 14.5%, and 26.5% at 20, 30, and
40 years, respectively) than that reported
in Sweden (1% at 30 years) but compara-
ble to the 20-year 6–7% risk of ESRD
within the Joslin Cohort (41).

Nevertheless, not all study findings
agree that rates of ESRD have dropped
among individuals with T1D. Reports of
unchanged or even increased rates of
kidney disease have been previously
brought forth by Joslin Diabetes Center
investigators (8). By using data from the
U.S. Renal Data System for the years
1990–2006, Krolewski (8) noted a 9% an-
nual increase in new cases of ESRD be-
lieved to be attributed to T1D. Of note,
although the proportion of individuals
age ,40 years declined over time, the
number age 40–49 years almost doubled,
suggesting that improvedmanagement in

this population perhaps delayed but did
not eliminate the development of ESRD in
the U.S. Nonetheless, the increasing inci-
dence of T1D and the better overall sur-
vival of the T1D population may partly
explain these observations.

As previously reported by several re-
search groups (14–18,30), we also ob-
served that a very young age (,6 years)
at diabetes onset was associated with
the lowest risk of developing kidney com-
plications later in life. Thus, our findings
support the hypothesis of greater kidney
disease risk associated with a T1D diag-
nosis after 6 years of age, with similar or
greater cumulative incidences observed
for a postpubertal versus prepubertal
(but after 6 years) age of onset. Previous
studies also reported an increased risk
among individuals diagnosed with T1D
during or after puberty (9–13). The rea-
son for an increased complications risk
associated with a pubertal diabetes diag-
nosis is not clear. Hormonal changes, es-
pecially higher androgen and lower IGF-I
levels (22), during puberty and the ac-
companying hyperglycemia have been
proposed to promote the development
of kidney complications (9,19,20). How-
ever, evidence is scarce, and observations
of similarly high or low incidence rates
among individuals diagnosed during
the pubertal period with those diagnosed
before (13) or after puberty (12) weaken
this hypothesis. Another potential expla-
nation for the lower incidence among

Figure 1—Continued.
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Table 3—Logistic regression models for the prediction of the 25-year cumulative incidence of microalbuminuria,
macroalbuminuria, ESRD, and ESRD/mortality from age at diabetes onset and chronological age

Diabetes duration

20 years 30 years 40 years 50 years

Microalbuminuria
Total cohort n = 550 n = 444

Age at onset 1.04 (0.99–1.09) 1.01 (0.95–1.08)
Chronological age 1.00 (0.97–1.03) 1.01 (0.97–1.05)
Women 0.78 (0.54–1.12) 0.73 (0.46–1.17)
AIC 690.167 445.161

1950–64 cohort n = 187 n = 214 n = 200
Age at onset 1.17 (1.02–1.33) 0.98 (0.87–1.11) 0.98 (0.82–1.14)
Chronological age 0.91 (0.81–1.01) 1.09 (0.98–1.20) 1.14 (0.99–1.30)
Women 0.50 (0.27–0.93) 0.64 (0.33–1.26) 0.65 (0.27–1.56)
AIC 239.548 222.516 148.567

1965–80 cohort n = 393 n = 363 n = 230
Age at onset 1.02 (0.95–1.09) 0.97 (0.90–1.04) 0.94 (0.82–1.08)
Chronological age 1.03 (0.98–1.08) 1.07 (1.01–1.13) 1.05 (0.93–1.20)
Women 0.99 (0.66–1.48) 1.05 (0.67–1.66) 0.82 (0.42–1.61)
AIC 545.410 445.202 225.426

Macroalbuminuria
Total cohort n = 519 n = 376

Age at onset 1.07 (1.02–1.12) 1.04 (0.98–1.10)
Chronological age 1.01 (0.99–1.04) 1.00 (0.97–1.04)
Women 0.67 (0.47–0.96) 0.52 (0.34–0.79)
AIC 695.457 509.813

1950–64 cohort n = 201 n = 198 n = 163
Age at onset 1.19 (1.06–1.34) 1.06 (0.95–1.17) 1.06 (0.94–1.21)
Chronological age 0.88 (0.81–0.97) 0.98 (0.91–1.07) 0.98 (0.88–1.08)
Women 0.38 (0.21–0.68) 0.38 (0.21–0.69) 0.43 (0.21–0.87)
AIC 263.270 266.998 195.508

1965–80 cohort n = 388 n = 318 n = 178
Age at onset 1.07 (0.99–1.15) 1.05 (0.97–1.13) 1.01 (0.89–1.15)
Chronological age 1.06 (0.999–1.12) 1.05 (0.996–1.11) 1.04 (0.92–1.16)
Women 1.37 (0.86–2.18) 1.01 (0.64–1.60) 0.73 (0.40–1.33)
AIC 440.228 422.235 248.035

ESRD
Total cohort n = 756 n = 533

Age at onset 1.07 (1.02–1.12) 1.07 (1.02–1.13)
Chronological age 1.02 (0.99–1.04) 1.00 (0.97–1.03)
Women 0.85 (0.60–1.20) 0.71 (0.50–1.01)
AIC 808.087 706.064

1950–64 cohort n = 321 n = 299 n = 269
Age at onset 1.34 (1.22–1.48) 1.20 (1.11–1.29) 1.19 (1.10–1.29)
Chronological age 0.75 (0.69–0.81) 0.84 (0.79–0.89) 0.87 (0.82–0.92)
Women 0.56 (0.32–0.98) 0.62 (0.38–1.02) 0.62 (0.37–1.05)
AIC 323.906 373.734 333.904

1965–80 cohort n = 491 n = 435 n = 234
Age at onset 1.19 (1.03–1.37) 1.10 (0.999–1.20) 1.07 (0.94–1.23)
Chronological age 1.04 (0.95–1.15) 1.05 (0.99–1.12) 1.07 (0.95–1.20)
Women 1.41 (0.63–3.14) 1.69 (0.96–2.98) 1.07 (0.59–1.96)
AIC 201.173 347.748 264.074

ESRD/mortality
Total cohort n = 862 n = 663

Age at onset 1.06 (1.02–1.10) 1.10 (1.05–1.15)
Chronological age 0.99 (0.97–1.01) 0.96 (0.94–0.99)
Women 0.81 (0.61–1.07) 0.74 (0.54–1.01)
AIC 1,093.305 903.823

1950–64 cohort n = 388 n = 387 n = 369
Age at onset 1.39 (1.27–1.53) 1.24 (1.15–1.34) 1.19 (1.10–1.29)
Chronological age 0.72 (0.67–0.78) 0.82 (0.78–0.86) 0.87 (0.83–0.92)
Women 0.62 (0.37–1.03) 0.72 (0.46–1.14) 0.67 (0.40–1.10)
AIC 376.859 440.838 380.697

1965–80 cohort n = 505 n = 474 n = 276
Age at onset 1.12 (1.00–1.25) 1.04 (0.97–1.12) 1.05 (0.95–1.17)
Chronological age 1.04 (0.96–1.12) 1.05 (0.999–1.11) 1.06 (0.97–1.17)
Women 0.82 (0.42–1.57) 1.15 (0.74–1.79) 0.82 (0.50–1.35)
AIC 275.230 493.647 362.927

Data are OR (95% CI) unless otherwise indicated. AIC, Akaike information criterion.
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patients with T1D onset at a very young
age may simply relate to the early intro-
duction and acceptance of diabetes man-
agement as part of their lives as opposed
to being required to make significant life-
style changes at a time when physical
changes also occur. Thus, the observed
differences in complication incidence
later in life may reflect differences in di-
abetes control during the early years
after a diagnosis according to a patient’s
age of onset. In addition, the pathophys-
iology of kidney disease among those
with very early onset may be distinct.
For example, previous analyses supported
the existence of a disease entity character-
ized by loss of kidney function without
prior/concurrent albuminuria, which oc-
curred in participants with a mean age at
onset of 5 years who were more likely to
use higher insulin doses per body weight
despite insulin sensitivity andHbA1c levels
similar to those in patients with albumin-
uria (42).
Discrepancies in study findings also ex-

ist regarding the presence or absence of
sex differences in kidney complication in-
cidence among those with T1D. Histori-
cally, men were believed to be at greater
risk than women. However, we previously
showed that this excess of kidney disease
cases in males observed in the earlier EDC
diagnosis cohort (1950–64) was no longer
present in the younger cohort (1965–80)
(31). The more detailed current analyses
provide similar results, with any increased
risk among men compared with women
being restricted to those diagnosedduring
1950–64atanagebetween6and11 (girls)
or 12 (boys) years. However, previous in-
vestigators reported the presence of dif-
ferences in kidney disease risk by sex.
Thus, in a cohort of individuals with T1D
followed since diagnosis, female sex was
associated with a 79% higher risk of mi-
croalbuminuria or worse (29). Analysis
of a large (n = 1,195) pediatric T1D cohort
from a Midwestern pediatric diabetes
clinic network provided additional sup-
port that female sex is associated with
an increased risk of developing persistent
microalbuminuria (P = 0.08) (30). In con-
trast, despite no sex differences in ESRD
risk in an overall cohort of patients with
T1D (17), European investigators gen-
erally observed a greater risk in men
than in women among those diagnosed
with T1D after 10 years of age in Fin-
land (13) and between 20 and 34 years of
age in Sweden (12). Furthermore, data

from the nationwide prospective German
Diabetes Documentation System survey
suggested that male sex is associated
with the development of macroalbumin-
uria (43). The reason for these discrep-
ancies is not clear, although confounding
may have played a role. Indeed, in the
DCCT, although male sex was associated
with AER, this relationship was completely
accounted for by differences in waist-
to-hip ratio (44).

In conclusion, similar to previous re-
ports, we observed that the risk of kidney
complications is lowest among individuals
diagnosedwith T1D at a very young age, a
finding consistent with the hypothesis
that pathogenesis may be different in
this subgroup. Study findings also suggest
that advanced kidney disease can affect
the vast majority of individuals with T1D,
indicating that it is not limited to a sus-
ceptible minority. Although encour-
aging signs exist that ESRD specifically
may be declining, this seems to reflect
better management and slower pro-
gression of established kidney disease
rather than prevention of early disease
per se. These observations are alarming
because as the life expectancy of pa-
tients with T1D increases, the number
affected by advanced kidney disease will
also rise, with dire implications for the pa-
tient as well as for the health care system.
The immediacy by which focused preven-
tion efforts should occur is therefore evi-
dent. Such prevention efforts should expand
beyond approaches targeting glycemic
control and should include intensive lipid
and hypertension management. Research
studies aiming to identify additional, cur-
rently unknown risk factors should also be
undertaken, as theymay offer an opportu-
nity for additional therapeutic targets.
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