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THE RISKS OF LONG TERM MICRO- AND MACROVASCULAR COMPLICATIONS AND MORTALITY
ARE HIGHLY CORRELATED IN INDIVIDUALS WITH T1D. AGE, DURATION OF DIABETES, AND GLYCEMIC
LEVELS DO NOT COMPLETELY EXPLAIN THESE ASSOCIATIONS.

The 30-year cumulative
incidence of PDR and CSME

Proliferative diabetic .
retinopathy (PDR), clinically

* Despite improvements in .
treatment and health

management, individuals with
type 1 diabetes (T1D) remain
at higher risk of microvascular
complications and
cardiovascular disease, and
mortality compared to those
without diabetes.

We aimed to describe the joint

significant macular edema
(CSME), reduced eGFR,
amputations, cardiovascular
disease (CVD) and mortality
were assessed in DCCT/EDIC
over ~30 years.

The joint incidence of
complications was assessed

was 33.4% and 36.6%
respectively, reduced eGFR
14.1%, amputation 3.2%, CVD
17.1%, and of mortality
10.4%.

Long term micro- and
macrovascular complications
and mortality are highly

correlated in individuals with
T1D. Age, duration of
diabetes, and glycemic levels
do not completely explain
these associations.

American
Diabetes
| 1 . Association.

Connected for Life

using the Dabowska
estimator, and pairwise
associations between
complications using Cox
proportional hazards models.

incidence of long-term
complications, and assess
whether observed associations
are independent of age,
duration of diabetes, and
glycemic levels.

Funding: Division of Diabetes Endocrinology and Metabolic Diseases of the
National Institute of Diabetes and Digestive and Kidney Disease (current grant

numbers U0O1 DK094176 and UO1 DK094157)

Diabetes Care.

ARTICLE HIGHLIGHTS

» We describe the relationships between the incidences of proliferative diabetic retinopathy (PDR), clinically signifi-
cant macular edema (CSME), reduced estimated glomerular filtration rate (eGFR), amputations, cardiovascular
disease (CVD), and mortality in individuals with type 1 diabetes (T1D) and assessed whether observed associa-
tions are independent of age, duration of diabetes, and glycemic levels.

e The 30-year cumulative incidence of PDR and CSME was 33.4% and 36.6%, respectively; of reduced eGFR,
14.1%; amputation, 3.2%; CVD, 17.1%; and of mortality, 10.4%.

¢ Long-term micro- and macrovascular complications and mortality are highly correlated in individuals with T1D.
Age, duration of diabetes, and glycemic levels do not completely explain these associations.
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OBJECTIVE

To describe the relationships between the cumulative incidences of long-term com-
plications in individuals with type 1 diabetes (T1D) and assess whether observed as-
sociations are independent of age, duration of diabetes, and glycemic levels.

METHODS

Proliferative diabetic retinopathy (PDR), clinically significant macular edema (CSME), re-
duced estimated glomerular filtration rate (eGFR), amputations, cardiovascular disease
(CvD), and mortality were assessed in the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications Study over ~30 years.

RESEARCH DESIGN AND RESULTS

The cumulative incidence of complications ranged from 3% (amputations) to 37%
(CSME). There were large differences in the cumulative incidence of PDR between par-
ticipants with versus without prior CSME (66% vs. 15%), reduced eGFR (59% vs. 29%),
and amputation (68% vs. 32%); reduced eGFR with or without prior PDR (25% vs. 9%),
amputation (48% vs. 13%), and CVD (30% vs. 11%); CVD with or without prior reduced
eGFR (37% vs. 14%) and amputation (50% vs. 16%); and mortality with or without
prior reduced eGFR (22% vs. 9%), amputation (35% vs. 8%), and CVD (25% vs. 8%). Ad-
justed for age, duration of T1D, and mean updated HbA,, the complications and asso-
ciations with higher risk included PDR with CSME (hazard ratio [HR] 1.88; 95% Cl 1.42,
2.50), reduced eGFR (HR 1.41; 95% CI 1.01, 1.97), and CVD (HR 1.43; 95% CI 1.06,
1.92); CSME with higher risk of PDR (HR 3.94; 95% Cl 3.18 4.89), reduced eGFR (HR
1.49; 95% Cl 1.10, 2.01), and CVD (HR 1.35; 95% Cl 1.03, 1.78); reduced eGFR with
higher risk of CVD (HR 2.09; 95% Cl 1.44, 3.03), and death (HR 3.40; 95% Cl 2.35, 4.92);
amputation(s) with death (HR 2.97; 95% Cl 1.70, 2.90); and CVD with reduced eGFR
(HR 1.59; 95% Cl 1.08, 2.34) and death (HR 1.95; 95% Cl 1.32, 2.90).

CONCLUSIONS

Long-term micro- and macrovascular complications and mortality are highly correlated.
Age, diabetes duration, and glycemic levels do not completely explain these associations.

Despite improvements in treatment and health management, individuals with type 1
diabetes (T1D) remain at higher risk of microvascular complications and cardiovascu-
lar disease (CVD) compared with those without diabetes (1-5). Mortality rates have
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Long-term Complications Incidence in T1D

also been higher among individuals with
T1D compared with those without diabe-
tes (2,6,7), with varying estimates of rel-
ative risk in more recent analyses (8-10).

With its thorough evaluation of micro-
vascular and cardiovascular complications,
and mortality over >30 years of follow-
up, the Diabetes Control and Compli-
cations Trial (DCCT) and its observational
follow-up study, the Epidemiology of Dia-
betes Interventions and Complications
(EDIC), provides a unique opportunity to in-
vestigate the incidence and co-occurrence
of these long-term complications in indi-
viduals with T1D. Herein, we describe
the relationships between the cumulative
incidences of long-term complications in
T1D and evaluate whether any observed
associations are independent of age, du-
ration of diabetes, and glycemia.

RESEARCH DESIGN AND METHODS

Participants

The methods of the DCCT/EDIC study have
been previously described (11,12). Briefly,
the DCCT enrolled 1,441 participants with
T1D who were randomly assigned to re-
ceive either intensive therapy (n = 711)
aimed at achieving glycemic levels as close
to the nondiabetic range as safely possible,
or conventional therapy (n = 730) aimed
at preventing symptoms of hypo- and hy-
perglycemia with no predefined glycemic
targets. Participants were enrolled either
into the primary prevention cohort (diabe-
tes duration of 1-5 years, no retinopathy,
based on stereoscopic fundus photogra-
phy, and albuminuria <40 mg/24 h at
baseline; n = 726) or the secondary in-
tervention cohort (duration of T1D of
1-15 years, minimal to moderate non-
proliferative retinopathy, and albumin-
uria <200 mg/24 h at baseline; n =
715). In 1993, after a mean follow-up of
6.5 years, the DCCT ended, and all partici-
pants were taught intensive therapy and
referred to their health care providers for
ongoing diabetes care. In 1994, the obser-
vational follow-up study, EDIC, enrolled
96% of the surviving DCCT cohort. Ninety-
four percent of survivors still actively par-
ticipate in the study after >25 years since
the start of EDIC. In the present analyses,
we used all available data in the full co-
hort (n = 1,441) over the combined DCCT/
EDIC follow-up period up to 30 April 2018.

Risk Factors
HbA;. was measured quarterly during
DCCT and annually during EDIC using

high-performance liquid chromatography.
To account for the different measurement
frequencies during DCCT and EDIC, the
models used the mean updated DCCT/EDIC
HbA,;., which is a time-dependent exposure
calculated by weighting each value by the
time interval between measurements (13).

Microvascular Assessments and
Outcomes
Serum creatinine was measured annually
and used in combination with age, sex,
and race to calculate estimated glomeru-
lar filtration rate (eGFR), which we calcu-
lated with the Chronic Kidney Disease
Epidemiology Collaboration equation. End-
stage renal disease (ESRD) was defined as
the initiation of maintenance dialysis or
kidney transplantation assessed yearly by
questionnaire and adjudicated centrally.
Reduced eGFR was defined as an eGFR
<60 mL/min/1.73 m? on at least one
occasion or progression to ESRD (14).
Standardized stereoscopic, seven-field
fundus photographs were obtained ev-
ery 6 months during DCCT and every
fourth year (staggered from the start of
the EDIC follow-up period) during EDIC.
In addition, photographs were obtained
in the full cohort at EDIC years 4 and 10.
The photographs were graded centrally
using the final Early Treatment of Diabetic
Retinopathy Study severity grading scale.
Graders were masked to treatment assign-
ment and other risk factors. Proliferative di-
abetic retinopathy (PDR) was defined as
neovascularization observed on fundus
photograph grading or evidence of scat-
ter photocoagulation. Clinically signifi-
cant macular edema (CSME) was defined
on the basis of fundus photography grading
or the presence of focal photocoagulation
scars (15,16). Lower extremity amputa-
tions at any level, including single toe,
were identified as present or absent
during the annual physical examination
beginning in October 2005 (EDIC year 12).

Cardiovascular Outcomes

Annual medical histories and electrocar-
diograms were used to ascertain CVD
events, and documentation from exter-
nal medical records was sought for verifi-
cation. These events were adjudicated
by a within-study Mortality and Morbid-
ity Review Committee masked to original
DCCT treatment group assignment and
glycemic levels as measured by HbA;..
The composite CVD outcome was de-
fined as time to the first occurrence of

Diabetes Care Volume 46, February 2023

CVD death, nonfatal myocardial infarction,
nonfatal stroke, subclinical myocardial in-
farction on electrocardiogram (i.e., silent
myocardial infarction), angina confirmed by
ischemic changes with exercise tolerance
testing or by clinically significant obstruc-
tion documented on coronary angiography,
revascularization (with angioplasty or coro-
nary artery bypass), or congestive heart
failure (paroxysmal nocturnal dyspnea, or-
thopnea, or marked limitation of physical
activity caused by heart disease) (17).

Mortality

Deaths were reported to the Data Coordi-
nating Center and external documentation
provided (if available) for adjudication by
the Mortality and Morbidity Review Com-
mittee (18). The primary mortality out-
come was defined as all-cause mortality.

Statistical Analysis

The marginal cumulative incidence of
each complication (e.g., the cumulative
incidence of CVD) was estimated using
the Kaplan-Meier estimator, whereas the
joint cumulative incidence of multiple
complications (e.g., the cumulative inci-
dence of both PDR and CSME) was esti-
mated using the Dabrowska estimator
available in library(mhazard) in R (19-21).

Two metrics (conditional probabili-
ties) describe the relationships be-
tween the incidences of complications
(see Supplementary Material for de-
tails). Using PDR and CSME as exam-
ples, we estimated the probability of
developing PDR prior to a specific time
point (e.g., =15 years after randomiza-
tion) separately for individuals with and
without CSME up to that time point. In
addition, we estimated the 5-year cumu-
lative incidence of a complication sepa-
rately on the basis of the presence or
absence of another complication. For ex-
ample, for a participant who is free of
both PDR and CSME at 15 years from en-
roliment, we estimated the probability of
developing PDR within 5 years (i.e., by
year 20 = 15 + 5). Likewise, for a partici-
pant who is free of PDR but with CSME
present at year 15, we estimated the
probability of developing PDR within
5vyears (i.e., by year 20 =15 + 5).

The pairwise associations between
complications were then assessed using
separate Cox proportional hazards (PH)
models for the risk of one of the complica-
tions as a function of the other complication
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included as a time-varying covariate captur-
ing its status (present or absent) over time.
For example, the association between re-
duced eGFR and the subsequent risk of CVD
was assessed using reduced eGFR status as
a time-varying covariate in a Cox PH model
for the risk of CVD. The models were unad-
justed and minimally adjusted for age, dura-
tion of T1D, and mean updated HbA,.

Data and Resource Availability
Data collected for the DCCT/EDIC study
through 30 June 2017 are available to

PDR
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the public through the National Institute
of Diabetes and Digestive and Kidney
Disease Central Repository (https://
repository.niddk.nih.gov/studies/edic/). Data
collected in the current cycle (July 2017—
June 2022) will be available within 2 years
after the end of the funding cycle.

RESULTS

Briefly, at baseline, 53% of the participants
were men, median age was 27 years, me-
dian duration of T1D was ~4 years, and
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median HbA;. value was 8.7%. Supple-
mentary Table 1 presents the baseline char-
acteristics of the participants separately by
outcome status over the entire DCCT/EDIC
follow-up.

The 30-year cumulative incidence of
PDR and CSME was 33.4% and 36.6%, re-
spectively; reduced eGFR was 14.1%;
amputation was 3.2%; CVD was 17.1%;
mortality was 10.4% (Fig. 1). The highest
numbers of documented events were
for CSME (n = 448; rate is 14.2 events
per 1,000 individuals at risk for 1 year)

eGFR<60
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Figure 1—Cumulative incidence of PDR, CSME, eGFR <60 mL/min/1.73 m?, amputations, any CVD, and mortality. Note the different scaling of the
top row (0.6) versus the bottom row (0.3) figures reflect the difference in cumulative incidence of outcomes. eGFR<60, estimated GFR
<60 mL/min/1.73 m? on at least one occasion or progression to ESRD.
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and PDR (n = 394; rate is 12 events per
1,000 individuals at risk for 1 year), and
the lowest number of events was for am-
putations (n = 47; rate is 1.1 events
per 1,000 individuals at risk for 1 year)
(Table 1). There were 639 participants
(44%) who did not experience any of the
6 long-term complications during follow-
up; 367 participants developed 1 compli-
cation, 247 participants developed 2 com-
plications, 110 participants developed 3
complications, 59 participants devel-
oped 4 complications, 14 participants
developed 5 complications, and 5 par-
ticipants developed all 6 complications.

The marginal and joint cumulative inci-
dences of complications are presented in
Supplementary Table 2. By 30 years from
DCCT baseline, 33.4% of the participants
experienced PDR and 36.6% experienced

CSME, with 23.9% of the participants
experiencing both PDR and CSME. The
cumulative incidence for reduced eGFR
was 14.1% by year 30, with 8.9% of the
participants experiencing both reduced
eGFR and CSME, and 8.4% experiencing
both reduced eGFR and PDR. Only 3.2%
of the participants had an amputation by
year 30, with 2.2% and 2.3% of the partic-
ipants having also experienced PDR and
CSME, respectively. By year 30, 17.1% of
the participants had a CVD event, with
8.8% and 5.0% also experiencing CSME
and reduced eGFR, respectively. Cumula-
tive incidence of mortality at year 30
was 10.4%, with 5.0% and 4.2% also
experiencing CSME and CVD, respectively.

By year 30, there were large differences
in the cumulative incidence of PDR be-
tween participants with and without prior
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CSME (65.5% vs. 14.9%), prior reduced
eGFR (58.8% vs. 29.2%), and prior amputa-
tion (68.2% vs. 32.1%) (Table 1). Similar pat-
terns were observed for CSME. For reduced
eGFR, the cumulative incidence at year 30
was 25% vs. 8.8% among participants with
versus without prior PDR, 47.9% vs. 13%
among participants with versus without
prior amputation, and 30.2% vs. 10.9%
among participants with versus without
prior CVD. For CVD, the cumulative inci-
dence at year 30 was 36.6% vs. 13.9%
among participants with versus without
prior reduced eGFR, and 49.9% vs. 15.9%
among participants with versus without
prior amputation. For mortality, the cumu-
lative incidence at year 30 was 21.5% vs.
8.5% among participants with versus with-
out prior reduced eGFR, 35.1% vs. 8.3%
among participants with versus without

Table 1-Number of events, rate of each complication, and the probability of developing a complication by specific time
points from DCCT randomization for individuals without and with a prior complicationt

Prior PDR (%)

Prior CSME (%)

Prior reduced eGFR (%)

Prior amputation (%)  Prior CVD (%)

Outcome (n; rate**) Time (years) No Yes No Yes No Yes No Yes No Yes
PDR (395; 12) 10 3.9 40.4 7.4 66.9 7.7 NA* 7.8 9.7
15 6.5 54.6 12.8 62.1 13.9 16.6 13.6 22.9
20 8.9 57.5 17.7 60.4 19.4 48.2 19.0 30.5
25 11.5 57.9 22.2 56.7 24.7 61.8 23.8 39.5
30 149 65.5 29.2 58.8 32.1 68.2 31.3 43.6
CSME (448; 14.2) 10 6.9 55.6 10.5 44.6 10.5 NA 10.7 14.2
15 8.3 61.0 14.4 61.7 15.4 50.1 15.0 29.7
20 12.0 65.5 20.4 64.7 22.1 53.6 21.6 35.3
25 17.1 68.6 26.9 61.9 29.5 64.9 28.2 47.2
30 18.9 71.7 32.2 63.0 35.3 71.5 33.5 51.6
Reduced eGFR (204; 5.1) 10 0.2 5.5 0.4 2.7 0.6 NA 0.5 9.0
15 1.1 11.5 1.2 10.2 2.5 0.1 2.2 12.2
20 2.6 15.8 2.4 14.9 4.9 18.4 4.2 17.0
25 5.7 21.8 5.4 20.1 8.8 54.0 7.8 26.1
30 8.8 25.0 8.3 24.5 13.0 47.9 10.9 30.2
Amputation (47; 1.1) 10 NA NA NA NA NA NA NA NA
15 0.4 0.5 0.3 1.4 0.4 0.0 0.3 3.6
20 0.8 3.1 0.8 3.0 1.1 4.6 1.0 4.8
25 1.0 4.9 1.0 4.4 1.0 11.3 1.3 8.2
30 1.5 6.6 1.4 6.3 2.0 11.0 1.9 9.5
CVD (261; 6.3) 10 1.6 2.0 1.5 2.1 1.5 22.7 1.4 NA
15 3.8 6.9 3.5 8.0 3.8 19.8 3.9 33.4
20 6.9 12.2 6.7 12.4 7.0 26.1 7.5 29.6
25 9.2 17.5 8.6 17.6 9.3 30.0 10.4 45.1
30 14.4 22.3 13.0 24.0 13.9 36.3 15.9 49.9
Mortality (173; 4) 10 1.1 1.6 1.0 1.8 1.0 11.7 0.1 NA 09 178
15 1.8 3.1 1.6 4.0 1.7 9.5 0.9 0.7 1.6 10.8
20 3.5 5.4 3.0 6.9 3.0 19.8 2.7 7.4 2.7 18.9
25 5.7 9.4 5.2 9.8 5.2 19.9 5.3 13.4 5.2 18.7
30 9.1 13.0 8.6 13.5 8.5 21.5 8.3 35.1 7.5 24.6

NA, not applicable. tFor example, by 10 years from randomization, there was a 3.9% chance an individual without CSME developed PDR, and
a 40.4% chance an individual with prior CSME developed PDR. Likewise, by 30 years from randomization, there was a 7.5% chance of mortal-
ity for an individual without a prior CVD event compared with a 24.6% chance of mortality for an individual with prior CVD. *There were no
amputations prior to year 10; therefore, these probabilities are not estimable. **Rate = events per 1,000 patient-years.
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prior amputation, and 24.6 vs. 7.5% among
participants with versus without prior CVD.

Table 2 describes the 5-year risk (%)
of a complication from a specific time
point (e.g., 15 years from randomization)
for an individual with versus without an-
other complication present at that time
point (i.e., year 15). Presence of CSME
was an important predictor of subse-
guent 5-year risk of PDR; for example, at
year 25, the probability of developing
PDR in the next 5 years (i.e., between
years 25 and 30 of follow-up) was 21.4%
for a participant with CSME present at
year 25, and only 8.2% for a participant
without CSME at year 25. Presence of
PDR and a prior amputation were predic-
tive of future 5-year risk of CSME. Note
that prior reduced eGFR and amputa-
tions were more predictive of 5-year risk
of CVD than either of the eye outcomes.
Prior amputations and prior CVD were
predictive of 5-year risk of mortality.

In Table 3, we report the associations
between each complication and the sub-
sequent risk of the other complications,

using separate Cox PH models, first unad-
justed and then minimally adjusted for
age, duration of T1D, and mean updated
HbA1.. In the unadjusted analyses, pres-
ence of a complication was associated
with higher subsequent risk of other com-
plications, with the exception of CVD for
the subsequent risk of PDR, and reduced
eGFR, amputation, and CVD for the subse-
quent risk of CSME. Adjusted for age, dura-
tion of T1D, and mean updated HbA,, the
presence versus absence of PDR remained
associated with higher risk of CSME (haz-
ard ratio [HR] 1.88; P < 0.0001), reduced
eGFR (HR 1.41; P = 0.0434), and CVD (HR
1.43; P =0.0182); presence versus absence
of CSME was associated with higher risk of
PDR (HR 3.94; P < 0.0001), reduced eGFR
(HR 1.49; P = 0.0092), and CVD (HR 1.35;
P = 0.0309); presence versus absence of
reduced eGFR was associated with higher
risk of CvD (HR 2.09; P = 0.0001) and
death (HR 3.40; P < 0.0001); presence ver-
sus absence of amputation(s) was associ-
ated with higher risk of death (HR 2.97; P =
0.0001); presence versus absence of CVD

Bebu and Associates

was associated with higher risk of reduced
eGFR (HR 1.59; P = 0.0188) and death (HR
1.95; P = 0.0009). A sensitivity analysis us-
ing models further adjusted for DCCT
baseline cohort assignment (primary pre-
vention versus secondary intervention)
revealed similar results (data not shown).
An additional sensitivity analysis that ex-
cluded the CVD deaths without a prior
(nonfatal) CVD event (n = 20) from the
analyses investigating the association be-
tween CVD and mortality yielded virtually
identical results (data not shown).

CONCLUSIONS

Our analyses of this well-characterized
cohort of individuals with T1D followed
for >30 years demonstrate strong corre-
lations among long-term microvascular
and cardiovascular complications, includ-
ing mortality. Noteworthy is that many
of these associations (e.g., PDR with
CSME; PDR, CSME, and CVD with re-
duced eGFR; PDR, CSME, and reduced
eGFR with CVD; and reduced eGFR,

Table 2—Probability of a complication occurring within the next 5 years from a specific time point from DCCT

randomization for individuals without and with a prior complication by time tt

Time (years) Prior PDR (%) Prior CSME (%) Prior reduced eGFR (%) Prior amputation (%) Prior CVD (%)

Outcome in the next 5 years No Yes No Yes No Yes No Yes No Yes
PDR 10 4.8 33.4 6.8 0.0 6.8 NA* 6.8 6.3
15 5.2 24.8 6.6 25.4 6.6 62.0 6.6 13.0
20 5.7 17.5 6.9 13.5 7.0 13.4 6.7 11.6
25 8.2 214 10.2 16.2 10.2 37.6 11.0 5.9
CSME 10 5.1 15.5 5.6 0.0 5.5 NA* 5.4 11.7
15 7.8 15.6 8.1 24.5 8.2 34.6 8.2 12.0
20 9.1 17.9 9.4 29.1 9.8 15.4 9.5 14.5
25 7.0 24.6 9.0 8.3 8.7 41.1 8.8 10.8
Reduced eGFR 10 1.7 6.0 14 6.9 1.9 NA* 1.8 10.3
15 19 7.9 19 7.5 2.6 17.1 2.3 12.5
20 4.1 8.4 3.9 8.6 4.5 38.2 4.6 8.9
25 3.5 9.7 3.9 7.4 4.8 9.9 4.6 7.0
Amputation 10 NA* NA* NA* NA* NA* NA* NA* NA*
15 0.7 1.6 0.5 2.5 0.8 33 0.7 3.9
20 0.5 2.0 0.3 2.5 0.5 6.5 0.6 3.2
25 0.8 2.5 0.7 2.5 1.0 3.0 1.0 2.9
CVvD 10 2.5 4.6 2.2 6.1 2.7 0.3 2.7 NA*
15 3.5 6.7 3.8 4.6 3.9 7.6 3.8 25.0
20 3.5 4.3 3.0 6.0 3.4 8.3 3.5 17.0
25 5.2 10.4 5.6 8.6 6.0 12.2 6.3 21.2
Mortality 10 0.8 1.0 0.7 2.1 0.9 0.1 0.7 NA* 0.9 0.0
15 19 2.8 1.8 3.0 1.4 27.5 19 0.1 1.5 14.8
20 2.4 4.7 2.3 4.6 2.3 13.8 2.7 12.7 2.7 4.3
25 3.7 5.1 3.7 4.7 3.7 7.7 34 29.4 3.2 11.7

NA, not applicable. tFor example, an individual free of PDR at 10 years from randomization has a 4.8% chance of developing PDR in the next
5 years if they did not have CSME by year 10, compared with a 33.4% chance if they had CSME by year 10. Likewise, an individual free of
CVD at 25 years from randomization has a 3.2% chance of death in the next 5 years if they did not have CVD by year 25, compared with an
11.7% chance if they had CVD by year 10. *There were no amputations prior to year 10; therefore, these probabilities are not estimable.
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Table 3—The association between each complication and the subsequent risk of the other complications, using unadjusted
and then minimally adjusted Cox PH models

Unadjusted models

Adjusted models*

HR (95% Cl) z P HR (95% Cl) z P
Risk of PDR
PDR NA (NA, NA) NA NA NA (NA, NA) NA NA
CSME 6.86 (5.56, 8.46) 18.02 <0.0001 3.94 (3.18, 4.89) 12.45 <0.0001
eGFR<60 1.98 (1.07, 3.68) 2.18 0.0296 1.48 (0.79, 2.78) 1.22 0.2220
AMP 3.44 (1.27, 9.31) 2.44 0.0148 1.89 (0.68, 5.24) 1.23 0.2186
CVvD 1.39 (0.85, 2.28) 1.31 0.1895 1.00 (0.61, 1.65) 0.02 0.9858
Risk of CSME
PDR 3.66 (2.80, 4.79) 9.44 <0.0001 1.88 (1.42, 2.50) 4.37 <0.0001
CSME NA (NA, NA) NA NA NA (NA, NA) NA NA
eGFR<60 1.48 (0.76, 2.88) 1.14 0.2544 1.02 (0.52, 1.99) 0.05 0.9641
AMP 2.39 (0.76, 7.49) 1.49 0.1354 2.06 (0.66, 6.49) 1.24 0.2143
CvD 1.25 (0.75, 2.08) 0.85 0.3979 0.93 (0.56, 1.56) —0.26 0.7944
Risk of eGFR<60
PDR 2.87 (2.12, 3.88) 6.84 <0.0001 1.41 (1.01, 1.97) 2.02 0.0434
CSME 2.86 (2.16, 3.80) 7.30 <0.0001 1.49 (1.10, 2.01) 2.61 0.0092
eGFR<60 NA (NA, NA) NA NA NA (NA, NA) NA NA
AMP 4.82 (2.45, 9.49) 4.55 <0.0001 1.26 (0.62, 2.57) 0.64 0.5191
CVvD 2.74 (1.88, 4.00) 5.25 <0.0001 1.59 (1.08, 2.34) 2.35 0.0188
Risk of amputations
PDR 3.39 (1.89, 6.05) 4.12 <0.0001 1.10 (0.58, 2.11) 0.30 0.7668
CSME 3.74 (2.09, 6.68) 4.46 <0.0001 1.52 (0.83, 2.80) 1.34 0.1786
eGFR<60 4.34 (2.11, 8.94) 3.99 <0.0001 1.74 (0.84, 3.64) 1.48 0.1386
AMP NA (NA, NA) NA NA NA (NA, NA) NA NA
CVvD 3.10 (1.52, 6.34) 3.11 0.0019 1.49 (0.71, 3.13) 1.05 0.2958
Risk of CVD
PDR 2.00 (1.52, 2.62) 5.00 <0.0001 1.43 (1.06, 1.92) 2.36 0.0182
CSME 1.94 (1.49, 2.53) 4.93 <0.0001 1.35 (1.03, 1.78) 2.16 0.0309
eGFR<60 3.06 (2.12, 4.41) 5.95 <0.0001 2.09 (1.44, 3.03) 3.87 0.0001
AMP 3.10 (1.52, 6.32) 3.11 0.0018 1.83 (0.89, 3.75) 1.65 0.1000
CVvD NA (NA, NA) NA NA NA (NA, NA) NA NA
Risk of death
PDR 1.72 (1.23, 2.40) 3.20 0.0014 1.03 (0.72, 1.48) 0.16 0.8759
CSME 1.95 (1.42, 2.68) 4.13 <0.0001 1.25 (0.89, 1.75) 1.31 0.1902
eGFR<60 5.40 (3.78, 7.71) 9.29 <0.0001 3.40 (2.35, 4.92) 6.48 <0.0001
AMP 6.14 (3.58, 10.53) 6.58 <0.0001 2.97 (1.70, 5.22) 3.80 0.0001
CvD 2.95 (2.02, 4.31) 5.61 <0.0001 1.95 (1.32, 2.90) 3.32 0.0009

P values in bold indicate statistical significance at P < 0.05. AMP, amputation; NA, not applicable. *Adjusted for age, duration of T1D, and mean

updated HbA; value.

amputations, and CVD with mortality)
were independent of age, duration of di-
abetes, and glycemic exposure. These re-
sults suggest there is within-individual
susceptibility to develop micro- and mac-
rovascular complications and mortality in-
dependent of glycemic exposure.

Many of these relationships have been
individually demonstrated in previous stud-
ies. The increased risk of kidney disease in
participants with diabetic retinopathy was
shown previously in the DCCT/EDIC study
(22), in the Wisconsin Epidemiologic Study
of Diabetic Retinopathy (WESDR) (23,24),
and several other studies (25-27) of both
type 1 and type 2 diabetes. Likewise, reti-
nopathy has also been associated with

increased CVD and mortality risk in WESDR
(28) and other studies (29-31). Finally, in-
creased CVD and mortality risk among
those with kidney disease has been well
established (32,33) and subsequently has
been verified in the DCCT/EDIC (34) and
several other studies (35-38).

In contrast to these previous studies,
herein we describe the relationships
among complications not only on the rel-
ative risk scale (i.e., using Cox PH mod-
els) but also on the absolute risk scale.
More specifically, we report cumulative
incidence and 5-year risk of complica-
tions separately on the basis of the sta-
tus (presence or absence) of a different
complication.

Strengths of our study include the de-
tailed phenotyping of our participants
over a prolonged period of time. At base-
line, the participants were in the early
stages of disease progression, with none
of the participants in the primary cohort
(n = 726) having any complications, and
the participants in the secondary cohort
(n = 715) only having very early microvas-
cular disease present (e.g., 28% with very
mild to moderate nonproliferative retinop-
athy, and 22% and 2% with albumin excre-
tion rate >30 mg/24 h and >100 mg/24 h,
respectively). Furthermore, the outcomes
chosen for this study were advanced long-
term complications. Although we used eGFR
<60 mL/min/1.73 m? and/or progression to
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ESRD, prior studies often used the develop-
ment of microalbuminuria or macroalbumi-
nuria as kidney outcomes. However, we
previously showed that such development
often reverses over time rather than pro-
gresses (34).

Our study has limitations as well. The
low number of participants with ampu-
tations in our cohort (n = 47) may have
limited our ability to detect its associa-
tions with the other complications. Like-
wise, we were underpowered to assess
associations with individual CVD events
(e.g., stroke or myocardial infarction) or
with cause-specific mortality (e.g., car-
diovascular mortality).

In summary, we have demonstrated
strong correlations among advanced long-
term microvascular and cardiovascular
complications, including mortality. The
unifying modifiable factor underlying the
development of both microvascular and
macrovascular complications is glycemic
control (16,18,22,39). Previously, we also
demonstrated that the earlier better gly-
cemic control is achieved after diagnosis,
the lower the risk of long-term microvas-
cular and cardiovascular outcomes (40).
However, age, duration of diabetes, and
glycemia do not completely explain the
joint incidence of these complications.
This suggests there is within-individual
susceptibility to both microvascular and
macrovascular complications. More stud-
ies are needed to define the causes of
this individual susceptibility to complica-
tions. Possibilities include genetic, clinical,
and behavior factors, as well as social or
environmental exposures. The results do
suggest that surveillance for additional
complications should be intensified in pa-
tients with existing microvascular and car-
diovascular complications.
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