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OBJECTIVE

Intensive glycemic control reduces the risk of kidney, retinal, and neurologic com-
plications in type 1 diabetes (T1D), but whether it reduces the risk of lower-
extremity complications is unknown. We examined whether former intensive
versus conventional glycemic control among Diabetes Control and Complications
Trial (DCCT) participants with T1D reduced the long-term risk of diabetic foot
ulcers (DFUs) and lower-extremity amputations (LEAs) in the subsequent Epide-
miology of Diabetes Interventions and Complications (EDIC) study.

RESEARCH DESIGN AND METHODS

DCCT participants (n5 1,441) completed 6.5 years on average of intensive versus
conventional diabetes treatment, after which 1,408 were enrolled in EDIC and
followed annually over 23 years for DFU and LEA occurrences by physical exami-
nation. Multivariable Cox proportional hazard regression models estimated asso-
ciations of DCCT treatment assignment and time-updated exposures with DFU
or LEA.

RESULTS

Intensive versus conventional glycemic control was associated with a significant
risk reduction for all DFUs (hazard ratio 0.77 [95% CI 0.60, 0.97]) and a similar
magnitude but nonsignificant risk reduction for first-recorded DFUs (0.78 [0.59,
1.03]) and first LEAs (0.70 [0.36, 1.36]). In adjusted Cox models, clinical neuropa-
thy, lower sural nerve conduction velocity, and cardiovascular autonomic neurop-
athy were associated with higher DFU risk; estimated glomerular filtration rate
<60 mL/min/1.73 m2, albuminuria, and macular edema with higher LEA risk; and
any retinopathy and greater time-weighted mean DCCT/EDIC HbA1c with higher
risk of both outcomes (P < 0.05).

CONCLUSIONS

Early intensive glycemic control decreases long-term DFU risk, the most impor-
tant antecedent in the causal pathway to LEA.
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Diabetes greatly increases the risk of
lower-extremity amputations (LEAs), with
relative risk estimates ranging from 7.4
to 41.3 in people with and without dia-
betes (1). Diabetic foot ulcers (DFUs)
remain the principal antecedent to LEA
(2), preceding �80% of LEAs and leading
to amputation in 15% of occurrences (3).
Although some complications have dec-
lined in frequency in people with type 1
diabetes (T1D) with more recent disease
onset, the frequency of LEA has remained
constant (4,5).

Hyperglycemia increases the risk of
multiple micro- and macrovascular com-
plications believed to lead to DFU and
LEA (6). Several prospective studies have
assessed associations between diabetic
complications and risk of lower-extremity
outcomes (7–9). However, none of these
studies were performed prospectively in
people with T1D enrolled at an early
stage of illness with few or no complica-
tions, and none included an annual phys-
ical examination, including targeted foot
examination, with extensive neurovascu-
lar testing that uses a common protocol
over a prolonged follow-up period. To
our knowledge, no randomized contro-
lled trial has been conducted with ade-
quate statistical power to demonstrate
whether intensive glycemic control alters
the risk of DFU or LEA in T1D.

The Diabetes Control and Complica-
tions Trial (DCCT) (1983–1993) was the
first controlled clinical trial to demon-
strate definitively the effectiveness of
intensive glycemic control in reducing
the occurrence and progression of sev-
eral diabetic microvascular complications,
including retinopathy, kidney disease, and
neuropathy (10). In the current analyses,
we examine the effects of intensive versus
conventional glycemic control during the
DCCT on the subsequent risk of DFU and
LEA in the Epidemiology of Diabetes Inter-
ventions and Complications (EDIC) study,
the observational follow-up of DCCT. EDIC
participants were followed for >23 years,
and the contributions of other diabetes
characteristics and complications to risk
for DFU and LEA were also studied (11).

RESEARCH DESIGN AND METHODS

Between 1983 and 1989, 1,441 partici-
pants age 13–39 years with a T1D dura-
tion of 1–15 years enrolled in DCCT, a
multicenter controlled clinical trial desig-
ned to compare the effects of diabetes

intensive treatment (INT) and conven-
tional treatment (CON) on diabetes com-
plications (10). Approximately one-half of
the cohort (n = 711) was randomly
assigned to receive intensive therapy,
consisting of three or more daily insulin
injections or insulin infusion pump use,
with the goal of maintaining glycemic lev-
els as close to the nondiabetic range
(HbA1c <6.05% [42.6 mmol/mol]) as
safely possible. The remainder (n = 730)
were assigned to conventional therapy,
consisting of one to two daily injections
of insulin without specific glycemic tar-
gets. Subjects with a history of cardiovas-
cular disease, hypertension, dyslipidemia,
or neuropathy requiring treatment were
not eligible to participate. The research
protocol was approved by the institu-
tional review boards at all sites, and all
participants provided written informed
consent.

In 1993, after an average 6.5 years of
follow-up (range 3–9 years), 1,422 sub-
jects (99% of the original cohort) com-
pleted a closeout visit. Participants in
the CON group were encouraged to
adopt intensive therapy, and all partici-
pants were referred back to their health
care providers for ongoing diabetes
care. In 1994, 96% of the surviving
cohort agreed to participate in the EDIC
observational study (1994 to present)
designed to evaluate the longer-term
effects of glycemic control on the risk of
both micro- and macrovascular compli-
cations (11). After 23 years of follow-up
(up to 2017), 1,190 participants (93% of
the surviving and 83% of the original
DCCT cohort) continue to be followed in
this ongoing study. This analysis includes
data on 1,408 participants with follow-
up between EDIC years 1 and 23.

Evaluations
Annual EDIC visits included a detailed
medical history and physical exami-
nation with measurements of height,
weight, sitting blood pressure, and Dopp-
ler arm/leg systolic blood pressure to cal-
culate the ankle-brachial pressure index
(ABI) (11). Blood samples were collected
annually and assayed centrally for HbA1c
by using high-performance ion-exchange
liquid chromatography (12). DCCT cumu-
lative glycemic exposure was obtained
from the updated mean HbA1c during the
DCCT, while the DCCT/EDIC time-weighted
mean HbA1c was used to reflect the

cumulative glycemic exposure during
both DCCT and EDIC. Fasting lipids (tri-
glycerides, total and HDL cholesterol)
and albumin excretion rate (AER) were
measured in alternate years during EDIC
and evaluated centrally. LDL cholesterol
was calculated using the Friedewald
equation (13). AER was measured from
4-h urine samples from DCCT baseline
to EDIC year 18 and subsequently from
spot urine samples, with AER estimated
using the ratio of urine albumin-to-cre-
atinine concentrations (14). Estimated
glomerular filtration rate (eGFR) was
calculated from serum creatinine mea-
sured annually in combination with age,
sex, and race using the Chronic Kidney
Disease Epidemiology Collaboration
equation. Kidney disease was defined
as a sustained reduction in eGFR (<60
mL/min/1.73 m2) or sustained microal-
buminuria (AER $30 mg/24 h) on two
or more consecutive visits.

Neurologic evaluations were conducted
in EDIC year 13/14. Confirmed clinical
neuropathy was defined as a combination
of the presence of signs and symptoms
consistent with distal symmetrical poly-
neuropathy plus nerve conduction study
abnormalities involving two or more
nerves among the median, peroneal, and
sural nerves (15). Cardiovascular auto-
nomic neuropathy (CAN) was evaluated
with standardized cardiovascular reflex
tests in EDIC years 13/14 and 16/17 (16).
CAN was defined as either an R-R varia-
tion <15, an R-R variation 15–19.9 com-
bined with a Valsalva ratio #1.5, or a
decrease of >10 mmHg in diastolic blood
pressure upon standing (16). Presence of
retinopathy and macular edema were
assessed by standardized seven-field ste-
reoscopic fundus photography in 25% of
participants every year during EDIC and
centrally graded. Retinopathy severity
was determined using the Early Treat-
ment Diabetic Retinopathy Study (ETDRS)
scale (11).

DFUs and LEAs
DFU occurrence was not recorded dur-
ing the DCCT. During the annual EDIC
physical examination, feet were ins-
pected for abnormalities and ulcers. The
presence of a DFU was assessed by
examination and defined in the EDIC
manual of operations as a traumatic or
nontraumatic excavation or loss of sub-
cutaneous tissue in the foot with
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evidence of inflammation and/or infec-
tion that required medical or surgical
treatment by a health professional in an
office or hospital setting. We identified
first-recorded and subsequent DFU occur-
rences during follow-up. As a DFU may
not heal within 1 year, a DFU noted on
two consecutive annual examinations in
the same limb may indicate one nonheal-
ing ulcer or a healed first-recorded DFU
followed by an ipsilateral recurrence. We
defined a second or subsequent DFU in
the same foot only if present in noncon-
secutive years or if located on the contra-
lateral foot in the year after the first-
recorded DFU. LEA at any level, including
single toe, was identified as present dur-
ing the annual physical examination
beginning in October 2005 (EDIC year
12). The occurrence of multiple amputa-
tions in the same participant between
EDIC years 13 and 23 could not be deter-
mined from EDIC data, as amputation lat-
erality and ipsilateral reamputation were
not recorded.

Statistical Methods
Participant characteristics by treatment
group at the end of DCCT were summa-
rized. Cox proportional hazards regression
models were used to estimate associa-
tions of intensive diabetes treatment dur-
ing the DCCT with the risk of the first-
recorded DFU and first LEA separately
during EDIC and under the counting pro-
cess formulation of Anderson and Gill
with robust SEs to examine the associa-
tion of former diabetes treatment assign-
ment with the risk of first or all DFUs
(17). In each case, we tested and con-
firmed that the assumption of propor-
tional hazards was not violated. The
association between treatment assign-
ment and first-recorded DFU was visual-
ized graphically using a Kaplan-Meier
plot. In an exploratory analysis, we inves-
tigated whether the effect of the inter-
vention varied before and after 10 years
of follow-up by adding a treatment-by-
time interaction to the regression model.
Cox proportional hazards regression

models were also used to evaluate the
associations of covariates measured at
DCCT closeout and repeatedly through-
out EDIC (time dependent) with the risk
of first-recorded DFU and first LEA sepa-
rately. In analyses involving DCCT close-
out covariates, regression models were
adjusted for the potential confounding

effects of DCCT closeout age and sex; in
analyses involving time-varying covari-
ates, regression models were adjusted
for DCCT closeout age, sex, duration of
diabetes, and the DCCT/EDIC time-
weighted mean HbA1c as a time-depen-
dent covariate. All analyses were con-
ducted using R 3.4.0 statistical software
(R Foundation for Statistical Computing,
Vienna, Austria). Statistical significance
was defined as a two-sided P < 0.05.

RESULTS

Of the 711 participants randomly assigned
to the INT and the 730 participants
assigned to the CON group, 699 and 709,
respectively, were subsequently followed
in EDIC. Participants at DCCT closeout
were on average �33 years old with an
average diabetes duration of �12 years.
Participants in both treatment groups
were similar at DCCT closeout for multiple
characteristics, including smoking, blood
pressure, serum creatinine, and plasma
lipids. At the end of DCCT, several differ-
ences emerged associated with INT,
including lower mean HbA1c and AER;
lower frequency of moderate nonprolifer-
ative and proliferative retinopathy, macu-
lar edema, confirmed clinical neuropathy,
and CAN; and greater mean BMI (Table
1). ABI measurements began in EDIC year
1. The frequency of ABI <0.9 or >1.3 was
similar between treatment groups.

A total of 195 participants developed
at least one DFU during 23 years of
EDIC follow-up, with 48 developing mul-
tiple DFUs (two ulcers n = 31, three
ulcers n = 11, four or more ulcers n =
6). More than one DFU in the same
limb was identified in 21 participants on
the basis of our criterion of recording in
nonconsecutive years, with the remain-
ing 27 participants having more than
one ulcer in different limbs.

DFU occurred in 86 participants in
the INT group and 109 in the CON
group, for incidences of 6.0 and 7.8 per
1,000 person-years, respectively. The
risk of first-recorded DFU was nominally,
but not statistically significantly lower in
the INT participants (hazard ratio [HR]
0.78 [95% CI 0.59, 1.03]). All DFUs,
including first and subsequent lesions,
totaled 117 among INT participants and
153 among CON participants, for inci-
dences of 7.3 and 9.6 per 1,000 person-
years, respectively. The risk of all DFUs
was statistically significantly lower by

23% in the INT participants (0.77 [0.60,
0.97]).

As seen in the Kaplan-Meier curve in
Fig. 1, cumulative incidence of first-
recorded DFU was relatively low and
similar between former treatment groups
until �10 years of EDIC follow-up, when
the curves began to diverge. Given the
separation of the DFU cumulative inci-
dence curves at 10 years, we estimated
period-specific HRs for #10 years and
>10 years. A significantly lower risk of
first-recorded DFU seen after 10 years
was associated with INT versus CON (HR
0.63 [95% CI 0.41, 0.97]) but not before
10 years (0.92 [0.63, 1.34]). The interac-
tion term of DCCT treatment with time
during EDIC follow-up was not significant
(P = 0.19).

There were 12 prior amputations
reported at EDIC year 13, the year that
amputation data collection began. An
additional 24 amputations occurred bet-
ween EDIC years 13 and 23. Of the 36
amputations, 15 occurred in the INT
group and 21 in the CON group, for inci-
dences of 1.0 and 1.4 per 1,000 person-
years, respectively. The risk of amputa-
tion among INT participants was 30%
lower than in CON participants, but this
difference was not statistically signifi-
cant (HR 0.70 [95% CI 0.36, 1.36]).

Several characteristics measured at
DCCT closeout and adjusted for age,
sex, and diabetes duration were associ-
ated with a higher risk of both DFU and
LEA (Table 2). Statistically significant risk
factors in common for DFU and LEA
were DCCT closeout HbA1c, DCCT mean
HbA1c, and confirmed clinical neuropa-
thy. Greater age, AER $30 mg/24 h,
CAN, and any retinopathy were associ-
ated with higher DFU risk, while greater
BMI, current smoking, higher serum tri-
glyceride concentration, macular edema,
and ABI <0.9 were associated with
higher LEA risk. Following adjustment for
DCCTmean HbA1c, age, AER$30 mg/24 h,
CAN, and any retinopathy remained sta-
tistically significantly associated with DFU
risk, while age, BMI, serum triglyceride
concentration, and macular edema were
statistically significantly associated with
LEA risk.

Assessing updated time-dependent
exposure measurements and adjusting
for age, sex, and diabetes duration at
DCCT closeout, risk factors in common
for both DFU and LEA now included
time-weighted mean DCCT/EDIC HbA1c,
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serum triglyceride concentration, sus-
tained eGFR <60 mL/min/1.73 m2, AER
$30 mg/24 h, confirmed clinical neu-
ropathy, lower sural nerve conduction
velocity, CAN, any retinopathy, and mac-
ular edema (Table 3). In addition, cur-
rent smoking was associated with LEA
risk. After adjustment for time-weighted
mean DCCT/EDIC HbA1c, the only statis-
tically significant risk factor remaining in
common between DFU and LEA was
any retinopathy. Confirmed clinical neu-
ropathy, lower sural nerve conduction
velocity, and CAN remained associated
with higher DFU risk, while sustained
eGFR <60 mL/min/1.73 m2, AER $30
mg/24 h, and macular edema statisti-
cally significantly predicted LEA risk.

CONCLUSIONS

These results demonstrate that a period
of intensive glycemic control early in
the course of T1D reduced the risk of
DFU during subsequent long-term fol-
low-up in the DCCT/EDIC cohort. To our
knowledge, this is the first demonstra-
tion of a reduction in DFU risk associ-
ated with a randomized intervention to
improve glycemic control. By extension,
intensive glycemic control would also
be expected to reduce amputation risk,
given the key role that DFU plays in
leading to amputation, although our
results did not confirm this likely because
of the low power to detect associations
given the very few amputations observed.
The delayed effect of intensive glycemic

control on risk of DFU and LEA after the
DCCT intervention provides another exa-
mple of the phenomenon of metabolic
memory as observed with other compli-
cations in the DCCT/EDIC (18).

Higher risk of DFU in the former CON
compared with INT group was observed
�11 years into EDIC (Fig. 1), an average
of 17 years from DCCT baseline. Similar
mean HbA1c levels throughout EDIC
were observed in both groups, reflect-
ing similar management of glycemia
after DCCT (18). A statistically significant
association was seen between DCCT
treatment and DFU incidence after 10
years of EDIC follow-up, although the
importance of this difference is unclear
because of the lack of a significant
treatment-by-time interaction. Of note,
the magnitude of effect of prior INT was
similar for all DFU and LEA outcomes,
with HRs ranging from 0.70 to 0.78, sug-
gesting that the lack of statistically sig-
nificant associations with risk of first-
recorded DFU and LEA may reflect the
low power due to the smaller number
of events.

The observed associations of HbA1c
over time with risks of DFU and LEA in
this analysis support the importance of
hyperglycemia in their development and
are consistent with published observa-
tional research. A prospective study of
U.S. veterans with diabetes demon-
strated a 10% higher risk of DFU per 1%
increase in HbA1c (19). A meta-analysis
that included 14 prospective studies of
LEA in diabetes demonstrated a 25%
higher risk for each 1% increase in HbA1c
and found that this association did not
differ significantly in T1D versus type 2
diabetes (T2D) (20). The Pittsburgh Epide-
miology of Diabetes Complications study
provided further evidence in T1D of an
association between higher HbA1c and
higher risk of a combined definition of
lower extremity complication that inc-
luded ulcer and amputation (21).

In addition to DCCT mean HbA1c and
HbA1c measured at DCCT closeout, mul-
tiple factors measured during EDIC sig-
nificantly predicted higher DFU risk,
including older age, albuminuria, con-
firmed clinical neuropathy, CAN, and
any retinopathy. After adjustment for
DCCT mean HbA1c, all these risk factors
remained significantly associated with
DFU, except for confirmed clinical neu-
ropathy. The only significant risk factor
in common measured at DCCT closeout

Table 1—Demographic characteristics of DCCT participants who participated in
EDIC follow-up at DCCT closeout in 1993 by diabetes treatment assignment
(N = 1,408)

Characteristic INT (n = 699) CON (n = 709)

Age (years) 33.4 (7.0) 32.8 (7.0)

Female sex 344 (49) 329 (46)

Medical history

Duration of diabetes (years) 12.2 (4.9) 11.7 (4.8)
Current smoking 160 (23) 159 (22)

Physical examination findings

BMI (kg/m2) 26.6 (4.3) 25.0 (3.1)
Blood pressure (mmHg)

Systolic 116.5 (11.5) 116.5 (11.9)
Diastolic 74.8 (8.7) 74.3 (8.9)

Laboratory values

HbA1c (%) 7.4 (1.2) 9.1 (1.6)
Sustained eGFR <60 mL/min/1.73 m2 1 (0) 2 (0)
AER

Median (IQR), mg/24 h 8.6 (5.8–14.4) 10.1 (5.8–20.2)
$30 mg/24 h 71 (10) 121 (17)

Serum creatinine (mg/dL) 0.7 (0.1) 0.7 (0.2)
Plasma lipids (mg/dL)

Total cholesterol 180.3 (30.5) 184.0 (37.6)
HDL cholesterol 50.9 (12.9) 51.8 (13.0)
LDL cholesterol 112.5 (27.1) 114.6 (32.0)
Triglycerides 84.3 (52.7) 87.9 (50.7)

Retinopathy
None/mild nonproliferative 560 (80) 489 (69)
Moderate nonproliferative 110 (16) 149 (21)
Severe nonproliferative 3 (0) 21 (3)
Proliferative 26 (4) 50 (7)

Macular edema 24 (3) 47 (7)
Any confirmed clinical neuropathy 64 (9) 121 (17)
Sural nerve conduction velocity (m/s) 45.5 (6.2) 43.2 (6.0)
Presence of CAN 43 (6) 57 (8)
ABI*

<0.9 46 (7) 50 (7)
0.9–1.3 593 (83) 595 (84)
>1.3 10 (1) 7 (1)

Data are mean (SD) for continuous variables and n (%) for categorical variables unless oth-
erwise indicated. IQR, interquartile range. *ABI was initially measured at EDIC year 1.
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for both DFU and LEA was confirmed
clinical neuropathy, but this association
became nonsignificant after adjustment
for DCCT mean HbA1c. Although DFU is
recognized as the antecedent event in
the majority of LEAs, there are clear dif-
ferences between the risk profiles of
these outcomes.
Given the duration of EDIC follow-up

available for this analysis, we conducted
additional analyses that included time-
updated measurements to assess tem-
poral change in risk factors for DFU and
LEA. These additional analyses revealed
several factors not associated with DFU
and LEA risk at DCCT closeout that
emerged as statistically significant risk
factors during follow-up, even after
adjustment for time-weighted mean
DCCT/EDIC HbA1c (Table 3). These emer-
gent risk factors included several diabe-
tes complications, such as any retinopathy
for LEA, confirmed clinical neuropathy and
lower nerve conduction velocity for DFU,
and kidney disease and albuminuria for
LEA.
The associations of multiple risk fac-

tors reflecting dysfunction in different

organ systems with lower-extremity out-
comes support a multifactorial etiology
for DFU and LEA (2). The loss of protec-
tive sensation as well as foot deformi-
ties because of both motor and sensory
neuropathy increase the likelihood of
abnormal bony prominences, pressure
points, and unnoticed tissue injury (22).
The association between CAN and higher
DFU risk may be due to skin microvascu-
lar dysfunction, as the autonomic nervous
system in part regulates skin perfu-
sion (23). Whether associations between
lower-extremity complications and vision-
threatening macular edema and prolifera-
tive diabetic retinopathy are markers of
overall microvascular damage or related
to poor self-care because of visual impair-
ment is unknown. Longitudinal research
has demonstrated that poor vision is
associated with a higher risk of DFU and
LEA (8,24). In this study, kidney disease,
as reflected by sustained albumin excre-
tion or eGFR <60 mL/min/1.73 m2, was
associated with these lower-extremity
outcomes, but the mechanism underlying
this association is unknown. Chronic kid-
ney disease is a well-known risk factor for

atherosclerosis in general and involves
peripheral arteries in particular (25). How-
ever, atherosclerosis affecting peripheral
arteries in this cohort was uncommon
(6–7%) at the start of EDIC as measured
by ABI <0.9. The association of DFU with
kidney disease may be explained in part
by confounding by hyperglycemia given
the reduction in associations between
DFU and eGFR following adjustment for
time-weighted mean DCCT/EDIC HbA1c.
Of note, however, the association bet-
ween LEA and kidney disease persisted
even after adjustment for time-weighted
mean DCCT/EDIC HbA1c.

ABI <0.9 measured at the start of
EDIC was significantly associated with
higher amputation risk compared with a
normal ABI (0.9–1.3), but ABI <0.9 mea-
sured repeatedly during EDIC follow-up
was not. A possible explanation may be
that the young individuals with low ABI
at the start of EDIC had accelerated ath-
erosclerosis that advanced more rapidly
to occlusive disease and tissue loss than
those whose ABI diminished over follow-
up in association with aging. These find-
ings contrast with T2D, where reports
have shown an association between low
ABI and higher risk of both ulcer and
amputation (8,24). Prior research in the
DCCT/EDIC did not demonstrate an asso-
ciation of random assignment to CON in
the DCCT and the development of ABI
<0.9 during EDIC follow-up (26).

Current smoking measured at DCCT
closeout or during EDIC follow-up was
associated with a significantly higher risk
of LEA but not DFU. A higher risk of
amputation among smokers is well estab-
lished among people with diabetes, but
few studies have demonstrated a similar
association with DFUs (27), with only 2
of 17 reports finding a statistically signifi-
cant association between current smok-
ing and active or past DFU (28). Both
reports of a significant association were
conducted among people with T2D only.

The Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial demon-
strated a reduced risk of LEA (HR 0.69
[95% CI 0.48, 0.99]) in people with T2D
randomly assigned to intensive versus
standard glycemic control for a mean
duration of 3.7 years, a shorter treat-
ment period compared with DCCT (29).
The effect diminished after adjustment
for mean postrandomization HbA1c, dem-
onstrating that improved glycemic control

Figure 1—Kaplan-Meier curves of the association between former INT and CON groups and
cumulative incidence of first-recorded DFU over time. Before EDIC, participants were followed,
on average, for 6.5 years while participating in DCCT.
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mainly contributed to the preventive
effect.

In the DCCT/EDIC, lower-extremity
complications were not designated as
major outcomes, which limits this cur-
rent analysis. A duration criterion is
often used in research to distinguish
DFU from minor skin trauma. No such
duration criterion was used in EDIC, but
the stipulation that the lesion required
medical or surgical treatment was desi-
gned to eliminate recording of minor
skin trauma. Whether an ulcer was per-
sistent or recurrent on the same limb
was inferred on the basis of whether it
was recorded in consecutive years,
potentially missing the occurrence of a
new ulcer on the same limb between

annual examinations. Amputation level
was not recorded, thereby preventing
analyses of major versus minor amputa-
tions, although such analyses would
likely not have been informative bec-
ause of low amputation number. The
ABI is a well-established clinical surro-
gate measurement of peripheral artery
disease, but it is limited by falsely high
readings because of vessel incompressi-
bility caused by medial artery calcifica-
tion seen in diabetes as well as less
accuracy than established gold standard
measurements (30). In addition, micro-
vascular dysfunction not measurable by
the ABI resulting in impaired skin blood
flow because of neuropathy, endothelial
dysfunction, or anatomic changes may

contribute to the pathogenesis of DFU
independent of macrovascular function
(23). Direct measurements of skin blood
flow were not available for this analysis
but might be partially inferred from the
tests of cardiovascular autonomic func-
tion that were performed, which dem-
onstrated higher DFU risk with CAN. The
observational analyses we conducted
were adjusted for well-characterized
covariate measurements obtained from
a rigorous protocol. Nevertheless, the
potential exists for bias as a result of
residual confounding.

These analyses demonstrate the asso-
ciation between early intensive glycemic
control and reduced incidence of DFU
among people with T1D. In addition,

Table 2—Associations of covariates at DCCT closeout with risk of first-recorded DFU or LEA during EDIC follow-up

DFU LEA

Model 1 adjusted
HR (95% CI)

Model 2 adjusted
HR (95% CI)

Model 1 adjusted
HR (95% CI)

Model 2 adjusted
HR (95% CI)

Male sex 1.23 (0.92, 1.63) 1.25 (0.94, 1.66) 1.82 (0.91, 3.65) 1.93 (0.96, 3.90)

Age (per 10 years) 1.34 (1.09, 1.66) 1.46 (1.19, 1.80) 1.52 (0.92, 2.51) 1.85 (1.14, 3.00)

BMI (per 5 kg/m2) 1.02 (0.85, 1.22) 1.07 (0.89, 1.28) 1.57 (1.15, 2.13) 1.88 (1.38, 2.54)

Current smoking 1.13 (0.82, 1.57) 1.03 (0.74, 1.44) 2.02 (1.02, 4.00) 1.66 (0.84, 3.31)

Duration of diabetes (per 5 years) 1.08 (0.94, 1.25) 1.13 (0.97, 1.30) 1.18 (0.85, 1.63) 1.40 (0.99, 1.98)

Systolic blood pressure (per 10 mmHg) 1.05 (0.93, 1.19) 1.02 (0.90, 1.15) 1.24 (0.94, 1.65) 1.11 (0.85, 1.45)

LDL cholesterol (per 10 mg/dL) 1.00 (0.95, 1.05) 0.97 (0.92, 1.02) 1.01 (0.90, 1.14) 0.96 (0.86, 1.08)

HDL cholesterol (per 5 mg/dL) 1.01 (0.95, 1.07) 1.01 (0.95, 1.07) 0.93 (0.80, 1.08) 0.92 (0.79, 1.08)

Triglycerides (per 20 mg/dL) 1.04 (0.99, 1.09) 1.02 (0.96, 1.07) 1.13 (1.05, 1.23) 1.11 (1.02, 1.22)

Mean DCCT HbA1c (per 10% increment) 1.23 (1.14, 1.34) Same as model 1 1.73 (1.41, 2.12) Same as model 1

DCCT closeout HbA1c only (per 10% increment) 1.20 (1.12, 1.29) — 1.60 (1.34, 1.91) —

Sustained eGFR <60 mL/min/1.73 m2 * * * *

Sustained AER $30 mg/24 h 2.13 (1.47, 3.10) 1.67 (1.13, 2.45) 2.11 (0.88, 5.05) 1.05 (0.42, 2.61)

Any confirmed clinical neuropathy 1.52 (1.08, 2.14) 1.23 (0.87, 1.75) 2.86 (1.40, 5.83) 1.74 (0.85, 3.58)

Sural nerve conduction velocity (per 5 m/s) 0.90 (0.78, 1.02) 0.95 (0.82, 1.09) 0.89 (0.62, 1.28) 1.09 (0.74, 1.61)

Any CAN 1.60 (1.13, 2.26) 1.43 (1.01, 2.03) 1.48 (0.65, 3.37) 1.10 (0.47, 2.56)

Any retinopathy†

None/mild nonproliferative 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
Moderate nonproliferative 1.65 (1.14, 2.39) 1.33 (0.92, 1.93) 1.36 (0.55, 3.35) 0.83 (0.34, 2.01)
Severe nonproliferative 1.01 (0.32, 3.24) 0.71 (0.22, 2.28) 1.57 (0.20, 12.38) 0.59 (0.07, 4.84)
Proliferative 1.68 (0.92, 3.08) 1.15 (0.62, 2.14) 2.39 (0.72, 7.99) 0.95 (0.28, 3.27)

Macular edema 1.40 (0.85, 2.31) 1.39 (0.84, 2.29) 4.01 (1.74, 9.23) 4.15 (1.78, 9.67)

ABI‡

<0.9 0.84 (0.46, 1.55) 0.79 (0.43, 1.46) 2.62 (1.01, 6.80) 2.27 (0.86, 5.95)
0.9–1.3 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
>1.3 0.76 (0.19, 3.07) 0.74 (0.18, 2.98) * *

Model 1 adjustment: age, sex, and diabetes duration at DCCT closeout, as appropriate. Model 2 adjustment: age, sex, diabetes duration at
DCCT closeout, and mean DCCT HbA1c, as appropriate. Boldface indicates statistically significant associations. Ref, referent. *No foot ulcer or
amputation occurred; HR cannot be estimated. †Model 2 comparison of moderate to severe to none/mild nonproliferative retinopathy: DFU
P = 0.04, LEA P = 0.56. ‡Model 2 comparison of ABI <0.9 and >1.3 with ABI 0.9–1.3: DFU P = 0.80, LEA P = 0.14.
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multiple well-established diabetes com-
plications are associated with risk of
both DFU and LEA. DFU can be added
to the list of complications potentially
preventable by intensive glycemic treat-
ment, further reinforcing the importance
of optimal glycemic control implemented
as early as possible for individuals with
T1D to prevent this outcome.
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