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OBJECTIVE

Peripheral arterial disease (PAD) is a common manifestation of atherosclerosis in
type 2 diabetes, but the relationship between other vascular diseases and PAD has
been poorly investigated. We examined the impact of previous microvascular and
macrovascular disease on the risk of major PAD in patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS

We analyzed 10,624 patients with type 2 diabetes free from baselinemajor PAD in
the Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Con-
trolled Evaluation (ADVANCE) clinical trial. The primary composite outcome was
major PAD defined as PAD-induced death, peripheral revascularization, lower-
limb amputation, or chronic ulceration. The secondary end points were the PAD
components considered separately.

RESULTS

Major PAD occurred in 620 (5.8%) participants during 5 years of follow-up. Base-
line microvascular and macrovascular disease were both associated with sub-
sequent risk of major PAD after adjustment for age, sex, region of origin, and
randomized treatments. However, only microvascular disease remained signifi-
cantly associated with PAD after further adjustment for established risk factors.
The highest risk was observed in participants with a history of macroalbuminuria
(hazard ratio 1.91 [95% CI 1.38–2.64], P < 0.0001) and retinal photocoagulation
therapy (1.60 [1.11–2.32], P = 0.01). Baseline microvascular disease was also
associated with a higher risk of chronic lower-limb ulceration (2.07 [1.56–2.75],
P < 0.0001) and amputation (1.59 [1.15–2.22], P = 0.006), whereas baselinemacro-
vascular disease was associatedwith a higher rate of angioplasty procedures (1.75
[1.13–2.73], P = 0.01).

CONCLUSIONS

Microvascular disease, particularly macroalbuminuria and retinal photocoagula-
tion therapy, strongly predicts major PAD in patients with type 2 diabetes, but
macrovascular disease does not.

Type 2 diabetes is associated with an increased risk of premature death (1). Cardio-
vascular disease is the leading cause of morbidity and mortality in patients with
type 2 diabetes, who have two to three times the risk of developing myocardial
infarction and stroke compared with people without diabetes (2). Peripheral arterial
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disease (PAD) is a common and severe
clinical manifestation of atherosclerosis
(3,4) and is especially frequent in pa-
tients with type 2 diabetes, with an ap-
proximately threefold increased risk
compared with a population without di-
abetes (5). In the Action in Diabetes and
Vascular Disease: Preterax and Diamicron
MR Controlled Evaluation (ADVANCE)
clinical trial, the incidence of PAD was
comparable to the incidence of major
coronary events and stroke (6). PAD is
associated with poor outcomes, leading
to a high rate of amputation and death
(7), and has been associated with an in-
creased risk of cardiovascular morbidity
and mortality (8,9). PAD mainly affects
the infrapopliteal arteries and may in-
duce more damage in small than in
large vessels in patients with type 2 di-
abetes (7,10). The impact of prevalent
macrovascular or microvascular disease
on the risk of developing PAD has not
yet been reliably compared in a contem-
porary cohort of patients with type 2
diabetes. The aim of the current study
was to determine the impact of micro-
vascular and macrovascular disease at
baseline on the development of major
PAD during follow-up in the ADVANCE
study.

RESEARCH DESIGN AND METHODS

Participants
ADVANCE was a large, multicenter, in-
ternational randomized trial in patients
with type 2 diabetes (11). Its objectives
were to test the effects of intensive glu-
cose control by using a gliclazide modi-
fied release–based regimen and blood
pressure treatment by using a fixed-
dose combination of perindopril and
indapamide on the incidence of major
microvascular and macrovascular events.
The design and clinical characteristics of
participants in ADVANCE have been
published previously (6,11,12). Briefly,
11,140 patients with type 2 diabetes
and at least one additional risk factor
for cardiovascular disease were randomly
assigned in a 2 3 2 factorial design to 1)
a gliclazidemodified release–based inten-
sive glucose-control regimen, targeting
an HbA1c #6.5%, or to standard glucose
control, with targets and regimens based
on local guidelines, and 2) a fixed-dose
combination of perindopril 4 mg and
indapamide 1.25 mg or matching pla-
cebo. The protocol of the ADVANCE
study was approved by the institutional

ethics committee of each participating
center, and all participants provided writ-
ten informed consent. All participants in
ADVANCE were included in the current
study except 516 for whom a history of
PAD was established at baseline. PAD
was defined at baseline as a lower-limb
amputation of at least one digit, chronic
ulceration of a lower limb ($6 weeks)
believed to be due to arterial insuffi-
ciency, or a peripheral revasculari-
zation procedure (surgery, angioplasty,
or emergency thrombolysis).

Primary and Secondary End Points
The primary composite outcome for this
analysis was major PAD, defined as at
baseline, or death as a result of PAD.
Each PAD outcome was considered sep-
arately as a secondary end point. PAD
outcomes were collected systematically
for all participants during the scheduled
study visits every 2 years from case re-
port forms and from reports of serious
adverse events, without adjudication.
Information about the occurrence of
study outcomes and of all serious ad-
verse events was reported at the time
of occurrence between visits. When
study outcomes or serious adverse
events occurred, the responsible inves-
tigator of each center ensured that the
event was reported immediately by
completing a serious adverse events
form. The data and safety monitoring
committee regularly reviewed all such
events for each center.

Selection of Candidate Risk Factors for
Major PAD
The initial set of candidate risk factors
for the development of major PAD col-
lected in ADVANCE at baseline were all
demographic, anthropometric, and clini-
cal parameters; risk factors for cardiovas-
cular diseases; renal function biomarkers;
cognitive function; and educational ac-
complishment. Candidate risk factors
were ascertained at baseline for all par-
ticipants, except for missing data on left-
side (n = 2) and right-side (n = 4) dorsalis
pedis pulse, left-side (n = 6) and right-side
(n = 8) posterior tibial pulse, light touch
sensation below the left (n = 3) and right
(n = 2) knee, left-side (n = 10) and right-
side (n = 9) Achilles reflex, and left-side
(n =4) and right-side (n =7) patellar reflex.

Definition of Clinical Parameters
Region of origin was categorized as
three groups: Asia (Philippines, China,

Malaysia, and India), establishedmarket
economies (Australia, Canada, France,
Germany, Ireland, Italy, The Netherlands,
New Zealand, and U.K.), and Eastern
Europe (Czech Republic, Estonia, Hun-
gary, Lithuania, Poland, Russia, and
Slovakia). Asia was considered the ref-
erence group on the basis of a previous
report of low prevalence of PAD in
Asians (13). Estimated glomerular filtra-
tion rate (eGFR) was computed using
the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation. Cognitive
function was estimated by the Mini-
Mental State Examination (MMSE) score
and considered as normal (MMSE score
$28) or reduced (MMSE score ,28).
Educational accomplishment was de-
fined as age at completion of the highest
level of formal education and catego-
rized as basic ($16 years) or low (#15
years). History of microvascular disease
was defined as the presence at baseline
of at least macroalbuminuria (urinary
albumin-to-creatinine ratio [ACR] .300
mg/mg), retinal photocoagulation ther-
apy, proliferative retinopathy, macular
edema, or blindness. History of macro-
vascular disease was defined as the
presence at baseline of at least myocar-
dial infarction, stroke, coronary artery
bypass graft, percutaneous transluminal
coronary angioplasty, hospital admis-
sion for unstable angina, or transient
ischemic attack.

Statistical Analyses
Quantitative variables were expressed
as mean (SD) or median (interquartile
range) for those with skewed distribu-
tions. Categorical parameters were ex-
pressed as numbers and percentages.
Characteristics of participants accord-
ing to the incidence of major PAD were
compared at baseline in each individual
region of origin by using x2, ANOVA, or
Wilcoxon test. Cox proportional hazards
regression models were used to screen
risk factors from the selected variables
and to estimate hazard ratios (HRs) and
95% CIs for the incidence of major PAD.
Serum triglycerides and urinary ACR
were log-transformed for analyses.
First, we fitted Cox models, adjusted
for the randomly assigned glucose con-
trol and blood pressure treatments, to
test the association of each variablewith
the incidence of major PAD. Second, a
multivariable Cox model was fitted to
include variables with at least a nominal
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association (P, 0.2) with the incidence
of major PAD observed in the first step.
Variables with significant association
with major PAD in the final Cox model
(P , 0.05) were considered indepen-
dent risk factors.
Kaplan-Meier curves were used to

plot the cumulative incidence of major
PAD over time according to history of
microvascular or macrovascular disease
at baseline. Survival curves were com-
pared by using the log-rank test. Micro-
vascular or macrovascular disease was
tested as a predictor for major PAD in
Cox models adjusted for the observed
independent risk factors and the study
randomized treatments. As sensitivity
analyses, backward elimination was ap-
plied to identify the optimal set of po-
tential prognostic factors, which started
with fitting a model with all the candi-
date variables plus baseline history of
microvascular and macrovascular dis-
ease. We eliminated variables with P .
0.05 and successively refitted reduced
models, applying the same rule until
P values of all remaining variables
were ,0.05. The association of history
of microvascular and macrovascular dis-
ease with the risk for major PADwas also
evaluated in subsets of participants with
normal (eGFR $60 mL/min/1.73 m2) or
impaired (eGFR , 60 mL/min/1.73 m2)
renal function at baseline. Sensitivity
analyses considered ranges of blood pres-
sure and pulse pressure, which was de-
fined as the difference between systolic
and diastolic blood pressure. Statistical
analyses were performed using SAS 9.3
software (SAS Institute, www.sas.com).

RESULTS

Baseline Clinical Characteristics and
Incidence of Major PAD
Among the ADVANCE study participants,
10,624 were free from major PAD at
baseline. Their mean (SD) age was 65.7
(6.4) years; 57% were men, and 38%
were from Asia. Their mean duration
of diabetes was 7.9 (6.3) years and
themeanHbA1c 7.5% (1.5%) (Table 1).Ma-
jorPADeventsoccurred in620participants
during a median (interquartile range) of
5.0 (4.5–5.1) years of follow-up. The cumu-
lative incidence of major PAD was 5.8%,
and its incidence rate was 1.24 per 100
person-years. Clinical characteristics of
participants at baseline, according to the
incidence of major PAD during follow-up,
are shown in Table 1. Briefly, the mean

age of the participants with major PAD
was 66.2 (6.6) years at baseline; 63%
were men, and 28% were from Asia. Their
mean duration of diabetes was 8.2 (6.8)
years and mean HbA1c 7.7% (1.6%). The
incidence of major PAD was 4.3%, 6.3%,
and 8.0% for participants fromAsia, estab-
lished market economies, and Eastern
Europe, respectively. Participants from
Asia and established market economies
who developed major PAD compared
with those who did not were more fre-
quentlymenandhadahigher systolicblood
pressure andACR. In addition, patientswith
PAD from established market economies
compared with those without major PAD
were older, had more missed pedal pulses,

had a higher HbA1c, and used antihyperten-
sive drugs more frequently. However,
patients from Eastern Europe who devel-
oped major PAD compared with those
who did not were more likely to have a
history of current smoking and cognitive
decline and less educational accomplish-
ment (Supplementary Table 1).

Effects of Glucose Control and Blood
Pressure Interventions on the Risk for
Major PAD
As published previously in the whole
study (6), the intensive glucose inter-
vention did not influence the risk for
major PAD in participants free from PAD
at baseline (HR 0.96 [95% CI 0.82–1.12],

Table 1—Characteristics of participants at baseline according to the incidence of
major PAD during follow-up

Major PAD

Overall
(n = 10,624)

No
(n = 10,004)

Yes
(n = 620)

Male sex 6,068 (57.1) 5,677 (56.8) 391 (63.1)

Region of origin*
Asia 4,040 (38.0) 3,868 (38.7) 172 (27.7)
Established market economies 4,547 (42.8) 4,262 (42.6) 285 (46.0)
Eastern Europe 2,037 (19.2) 1,874 (18.7) 163 (26.3)

Age (years) 65.7 (6.4) 65.7 (6.3) 66.2 (6.6)

Duration of diabetes (years) 7.9 (6.3) 7.9 (6.3) 8.2 (6.8)

BMI (kg/m2) 28.3 (5.2) 28.3 (5.1) 28.7 (5.4)

Systolic blood pressure (mmHg) 145 (21) 145 (21) 149 (23)

Diastolic blood pressure (mmHg) 81 (11) 81 (11) 81 (11)

Use of antihypertensive treatment 7,281 (68.5) 6,821 (68.2) 460 (74.2)

Absence of dorsalis pedis pulse 1,215 (11.4) 1,101 (11.0) 114 (18.4)

Absence of posterior tibial pulse 1,544 (14.5) 1,411 (14.1) 133 (21.5)

Disturbance of light touch sensation 895 (8.4) 825 (8.2) 70 (11.3)

Absence of Achilles reflex 2,234 (21.0) 2,079 (20.8) 155 (25.0)

Absence of patellar reflex 933 (8.8) 862 (8.6) 71 (11.4)

HbA1c (%) 7.5 (1.5) 7.5 (1.5) 7.7 (1.6)

HbA1c (mmol/mol) 59 (17) 58 (17) 60 (18)

Urinary ACR (mg/mg) 15 (7, 39) 15 (7, 38) 18 (8, 54)

eGFR (mL/min/1.73m2) 74 (17) 75 (17) 73 (18)

Serum total cholesterol (mmol/L) 5.2 (1.2) 5.2 (1.2) 5.2 (1.2)

Serum HDL cholesterol (mmol/L) 1.3 (0.3) 1.3 (0.3) 1.2 (0.3)

Serum triglycerides (mmol/L) 1.6 (1.2, 2.3) 1.6 (1.2, 2.3) 1.7 (1.2, 2.3)

Use of lipid-lowering drugs 3,689 (34.7) 3,450 (34.5) 239 (38.5)

Use of antiplatelet drugs 4,896 (46.1) 4,595 (45.9) 301 (48.5)

History of current smoking 1,469 (13.8) 1,360 (13.6) 109 (17.6)

History of ever smoking 4,369 (41.1) 4,074 (40.7) 295 (47.6)

MMSE score $28 8,304 (78.2) 7,845 (78.4) 459 (74.0)

Educational accomplishment #15 years 3,806 (35.8) 3,570 (35.7) 236 (38.1)

Data are n (%), mean (SD), or median (Q1, Q2). eGFR computed by the Chronic Kidney Disease
Epidemiology Collaboration equation. Educational accomplishment defined as age at
completion of the highest level of formal education. *Asia: Philippines, China, Malaysia, and
India; established market economies: Australia, Canada, France, Germany, Ireland, Italy, The
Netherlands, New Zealand, and U.K.; and Eastern Europe: Czech Republic, Estonia, Hungary,
Lithuania, Poland, Russia, and Slovakia.
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P = 0.62). The risk for PADwas also similar
in participants randomly assigned to ac-
tive blood pressure treatment compared
with placebo (1.08 [0.92–1.26], P =
0.36) and in those assigned to both in-
tensive glucose control and active blood
pressure treatment compared with stan-
dard glucose control and placebo (1.03
[0.83–1.29], P = 0.77).

Baseline Risk Factors for Major PAD
Age, sex, region of origin, duration of
diabetes, BMI, systolic and diastolic
blood pressure with and without use
of antihypertensive treatment, absence
of dorsalis pedis and posterior tibial
pulses, disturbance of the light touch
sensation, absence of Achilles or patellar
reflex, HbA1c, urinary ACR, eGFR, serum
LDL cholesterol, serum triglycerides, use
of antiplatelet or lipid-lowering drugs,
current or ever smoking, and decline of
cognitive function were the potential risk
factors to have significant (P , 0.2) asso-
ciations with the incidence of major PAD
after adjustment for randomized treat-
ments (Supplementary Table 2). The final
multivariable Cox model included nine
independent risk factors for major PAD
(Table 2). The incidence of major PAD was
higher in men than in women and in par-
ticipants from Eastern Europe compared
with those from Asia or established mar-
ket economies. The incidenceofmajor PAD
was not significantly different between
participants from Asia and established

market economies. Higher HbA1c and uri-
nary ACR levels, absence of dorsalis pedis
and posterior tibial pulses, and current
smoking history at baseline were all in-
dependently associated with the risk for
major PAD. Higher systolic and lower
diastolic blood pressures, both with use
of antihypertensive drugs, were also in-
dependent risk factors for major PAD
(Table 2). Furthermore, major PAD was
associated with increasing systolic and
decreasing diastolic blood pressure as
well as with increasing pulse pressure
(Supplementary Table 3).

History of Microvascular and
Macrovascular Disease and the Risk
of Major PAD
At baseline, 1,065 (10.0%) participants
had a history of microvascular disease,
and 3,228 (30.4%) had a history of mac-
rovascular disease. Themean (SD) age of
the participants with a history of micro-
vascular or macrovascular disease at
baseline was 65.8 (6.5) and 65.6 (6.6)
years, respectively. Fifty-eight percent
and 65%were men, their mean duration
of diabetes was 10.2 (7.3) and 7.9 (6.4)
years, and their mean HbA1c was 7.9%
(1.7%) and 7.5% (1.5%), respectively
(Supplementary Table 4). The cumula-
tive incidence of major PAD was higher
in participants with a history of microvas-
cular or macrovascular disease compared
with those without these conditions (P ,
0.0001 and P = 0.007, respectively). The

Cox proportional hazards survival regres-
sion analyses confirmed the associations
of the history of microvascular andmacro-
vascular disease with the risk for major
PAD after adjustment for age, sex, region
of origin, and the study randomized treat-
ments (Table 3, model 1). However, only
the history of microvascular disease re-
mained significantly associated with the
incidence of major PAD after adjustment
for established independent risk factors
and for study randomized treatments
(Table 3, model 2). The highest risk was
observed in participants with a history of
macroalbuminuria or retinal photocoag-
ulation therapy (Table 3 and Fig. 1). Sim-
ilar results were observed from analyses
in each randomized group (intensive glu-
cose control, standard glucose control,
perindopril-indapamide, and placebo)
considered separately (Supplementary
Table 5). Impaired renal function was es-
tablished at baseline in 2,298 (21.6%)
participants. Its prevalence was similar
in patients with and without major PAD
(21.6% vs. 22.7%) during follow-up. Asso-
ciation of history ofmicrovascular disease
at baseline with the risk for major PAD
remained significant in both subgroups
but was greater in patients with impaired
renal function than in those with normal
renal function (Supplementary Table 6).

Sensitivity Analyses
Backward selection showed similar pre-
dictors as the foregoing results. Thus,

Table 2—Independent risk factors for major PAD

Major PAD

Absence of
the risk factor

Presence of
the risk factor HR (95% CI) P value*

Male sex 229 (5.0) 391 (6.4) 1.30 (1.09–1.54) 0.003

Region of origin†
Established market economies (vs. Asia) 172 (4.3) 285 (6.3) 1.17 (0.95–1.44) ,0.0001
Eastern Europe (vs. Asia) 172 (4.3) 163 (8.0) 1.95 (1.54–2.46)
Eastern Europe (vs. established market economies) 285 (6.3) 163 (8.0) 1.67 (1.35–2.06)

SBP (per 10-mmHg increase) with antihypertensive drugs d d 1.13 (1.07–1.19) ,0.0001

SBP (per 10-mmHg increase) without antihypertensive drugs d d 1.05 (0.95–1.16)

DBP (per 10-mmHg increase) with antihypertensive drugs d d 0.83 (0.74–0.92) 0.001

DBP (per 10-mmHg increase) without antihypertensive drugs d d 0.92 (0.76–1.11)

Absent dorsalis pedis pulse 505 (5.4) 114 (9.4) 1.47 (1.15–1.88) 0.002

Absent posterior tibial pulse 486 (5.4) 133 (8.6) 1.29 (1.02–1.63) 0.03

HbA1c (per 1% increase) d d 1.07 (1.02–1.13) 0.008

Urinary ACR (per 1 log mg/mg increase) d d 1.21 (1.06–1.38) 0.005

History of current smoking 511 (5.6) 109 (7.4) 1.37 (1.11–1.70) 0.004

Data are n (%) unless otherwise indicated. Multivariable Cox proportional hazards survival regressive analysis adjusted for the study randomization
treatments. DBP, diastolic blood pressure; SBP, systolic blood pressure. *P , 0.05 was significant. †Asia: Philippines, China, Malaysia, and India;
established market economies: Australia, Canada, France, Germany, Ireland, Italy, The Netherlands, New Zealand, and U.K.; and Eastern Europe:
Czech Republic, Estonia, Hungary, Lithuania, Poland, Russia, and Slovakia.
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sex, region of origin, systolic and dia-
stolic blood pressure with use of antihy-
pertensive treatment, absence of distal
and posterior tibial pulses, HbA1c, current
smoking, history of macroalbuminuria,
and retinal photocoagulation therapy re-
mained significantly associated with the
incidence of major PAD (Supplementary
Table 7).

Secondary End Point Analyses
Chronic lower-limb ulceration, lower-
limb amputation, angioplasty proce-
dures, and death as a result of PAD
occurred during follow-up in 320 (3.0%),
288 (2.7%), 88 (0.08%), and 17 (0.02%)
participants, respectively. The incidence
of each outcome by history of micro-
vascular and macrovascular disease at
baseline is shown in Table 4. Prior micro-
vascular disease was associated with an
increased risk of chronic ulceration and
lower-extremity amputation, whereas
prior macrovascular disease was asso-
ciated with a higher rate of angioplasty
procedures.

CONCLUSIONS

We investigated the influence of previ-
ous microvascular and macrovascular
disease aspredictors for the development
of major PAD during a 5-year follow-up
in patients with type 2 diabetes in the
ADVANCE clinical trial. The cumulative in-
cidence of major PAD was 5.8%. The

history of microvascular disease at base-
line wasmore likely to be an independent
predictor for major PAD than the history
ofmacrovascular disease. The highest risk
was observed in participants with a his-
tory of macroalbuminuria or retinal pho-
tocoagulation therapy. Microvascular
disease was associated with a higher risk
for chronic lower-limb ulceration and am-
putation, whereas macrovascular disease
was linkedwith an increased rate of angio-
plasty procedures. No effect of the glucose
control and/or blood pressure interven-
tion was observed for the risk of major
PAD.

This report is the first in our knowledge
to compare the relationship between mi-
crovascular and macrovascular disease
and major PAD in patients with type 2 di-
abetes. Patients with microvascular dis-
ease are twice as likely as those without
this condition to develop major PAD,
whereas the association of major PAD
with macrovascular disease was weaker
and not independent of traditional risk
factors. Analyses of the secondary end
points suggest that macrovascular disease
may better predict the risk for proximal
PAD and large vessel disease and that
microvascular disease may better predict
distal PAD and small vessel disease in
patients with type 2 diabetes.

Macroalbuminuria and diabetic reti-
nopathy requiring photocoagulation
therapy were the strongest predictors

formajor PAD. The association of history
of microvascular disease with the risk
for major PAD was greater in patients
with impaired renal function than in
those with normal renal function, but
eGFR itself was not associated with the
outcome. In line with our observations,
previous studies have implicated ACR
but not eGFR as an independent risk
factor for PAD (8,14). Overall, these find-
ings suggest that PAD is more likely to
be linked to diabetic microangiopathy
than kidney failure in patients with
type 2 diabetes. Of note, a recent histo-
pathological study showed microangio-
pathic abnormalities in patients with
type 2 diabetes who underwent ampu-
tation for ischemic diabetic foot (15).
Urine ACR is now accepted as an inde-
pendent cardiovascular risk factor in pa-
tients with and without type 2 diabetes
(16). Diabetic retinopathy is also be-
lieved to be a predictor of heart disease,
stroke, andmajormacrovascular events,
including lower-extremity amputation, in
patients with type 2 diabetes (17–20).
The potential pathophysiological links by
which microvascular disease might pre-
dispose to major PAD have not yet been
fully elucidated. Arterial stiffness, a com-
mon feature in both microvascular dis-
ease and PAD, may be a key mechanism
linking these conditions (21–23).Wehave
observed an association of major PAD
with increasing systolic blood pressure,

Table 3—Relative risk for major PAD according to history of microvascular and macrovascular disease at baseline

Major PAD Model 1 Model 2

Absence of
the predictor

Presence of
the predictor

HR
(95% CI) P value*

HR
(95% CI) P value*

History of microvascular disease (yes vs. no) 527 (5.5) 93 (8.7) 1.73 (1.39–2.16) ,0.0001 1.63 (1.30–2.03) ,0.0001

Microalbuminuria (vs. normoalbuminuria) 407 (5.4) 172 (6.3) 1.21 (1.01–1.45) 0.03 1.10 (0.92–1.32) 0.29

Macroalbuminuria (vs. normoalbuminuria) 407 (5.4) 41 (11.1) 2.23 (1.62–3.08) ,0.0001 1.91 (1.38–2.64) ,0.0001

Retinal photocoagulation therapy (yes vs. no) 586 (5.7) 34 (9.3) 1.80 (1.28–2.55) 0.0008 1.60 (1.11–2.32) 0.01

Proliferative retinopathy (yes vs. no) 596 (5.8) 24 (6.8) 1.37 (0.91–2.06) 0.13 1.23 (0.78–1.92) 0.37

Macular edema (yes vs. no) 607 (5.8) 13 (8.2) 1.47 (0.85–2.54) 0.17 1.39 (0.79–2.47) 0.25

Blindness (yes vs. no) 610 (5.8) 10 (10.1) 1.87 (1.00–3.49) 0.05 1.73 (0.89–3.35) 0.10

History of macrovascular disease (yes vs. no) 403 (5.4) 217 (6.7) 1.20 (1.02–1.42) 0.03 1.13 (0.95–1.35) 0.16

Myocardial infarction (yes vs. no) 535 (5.7) 85 (6.9) 1.16 (0.92–1.46) 0.22 1.10 (0.87–1.41) 0.42

Stroke (yes vs. no) 554 (5.7) 66 (6.9) 1.23 (0.95–1.59) 0.11 1.11 (0.84–1.45) 0.46

Hospitalization for unstable angina (yes vs. no) 542 (5.7) 78 (6.9) 1.14 (0.90–1.45) 0.27 1.10 (0.85–1.41) 0.47

CABG or PTCA (yes vs. no) 558 (5.7) 62 (7.3) 1.18 (0.90–1.54) 0.23 1.10 (0.83–1.46) 0.52

Hospital admission for TIA (yes vs. no) 591 (5.8) 29 (5.8) 1.00 (0.69–1.46) 0.99 0.96 (0.65–1.43) 0.85

Data are n (%) unless otherwise indicated. Cox proportional hazards survival regressive analyses adjusted for age, sex, region of origin, and the
study randomization treatments (model 1) or for model 1 plus systolic and diastolic blood pressure with and without antihypertensive treatment,
absence of dorsalis pedis and posterior tibial pulses, HbA1c, urinary ACR (except for albuminuria and microvascular disease analyses), and history of
current smoking (model 2). Normoalbuminuria, ACR ,30 mg/mg; microalbuminuria, ACR 30–300 mg/mg; macroalbuminuria, ACR .300 mg/mg.
CABG, coronary artery bypass graft; PTCA, percutaneous transluminal coronary angioplasty. *P , 0.05 was significant.
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decreasing diastolic blood pressure, and
particularly increasing pulse pressure,
which is recognized as a surrogate of ar-
terial stiffness (24). Increased arterial wall
stiffness is a hallmark for arteriosclerosis
across the whole arterial tree, including
lower-extremity arteries, in patients with
diabetes (25). Previous studies have
shown increased arterial stiffness in pa-
tients with a high urinary albumin excre-
tion rate and decreased glomerular
filtration rate as well as diabetic retinop-
athy (23,26–30).
Few studies have prospectively inves-

tigated predictors for the development
of PAD in patients with type 2 diabetes
(8,14,31). In the UK Prospective Diabe-
tes Study, age, HbA1c, systolic blood
pressure, HDL cholesterol, previous car-
diovascular disease, and current smok-
ing were found to be independent risk
factors for PAD (31). A trend toward an
association of diabetic retinopathy with

the risk of PAD was also observed (31).
However, time to event was not consid-
ered in these analyses. In the Bypass
Angioplasty Revascularization Investiga-
tion in Type 2 Diabetes (BARI 2D) trial,
age, female sex, black African origin,
smoking, pulse pressure, HbA1c, and
ACR were independent risk factors for
PAD (14). These results are comparable
to the current findings, except for con-
trasting results for sex and a differ-
ent incidence rate of PAD, which was
3.5 times higher in BARI 2D than in
ADVANCE. These discrepancies may be
explained by differences in each study’s
inclusion criteria. The ADVANCE trial en-
rolled participants with type 2 diabe-
tes at a high risk for vascular events,
whereas the BARI 2D study population
was composed entirely of patients with
type 2 diabetes and stable coronary ar-
tery disease (11,32). Furthermore, the
definitions of PAD outcomes were

different between the two studies. In
ADVANCE, major PAD was more severe,
defined as lower-limb ulceration or am-
putation, peripheral revascularization, or
death caused by PAD. In BARI 2D, PAD
was defined as new low ankle-brachial in-
dex (ABI), lower-extremity revasculariza-
tion, or lower-extremity amputation, but
290 among 303 incidents of PAD were
identified solely on the basis of ABI (14).
We are aware that the definition of PAD
in the current study may generate hetero-
geneous outcomes or underestimate
asymptomatic PAD, but the predominant
use of the diminution of ABI could have
been insufficient to capture all PAD out-
comes because of its U-shaped relation-
ship with major cardiovascular outcomes,
including PAD (33,34).

The main strength of this work is the
use of a large contemporary study of
10,624 patients with type 2 diabetes
that collected appropriate data on the

Figure 1—Cumulative incidence of major PAD during follow-up by history of microvascular or macrovascular disease. A: Presence of microalbumi-
nuria (dotted line) or macroalbuminuria (dashed line) vs. normoalbuminuria (solid line) (P , 0.0001). B: Presence (dashed line) vs. absence (solid
line) of retinal photocoagulation therapy (P = 0.001). C: Presence (dashed line) vs. absence (solid line) of myocardial infarction (P = 0.07). D: Presence
(dashed line) vs. absence (solid line) of stroke (P = 0.05).
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history of microvascular and macrovas-
cular disease at baseline and included a
robust characterization of new cases of
major PAD during follow-up. Moreover,
the ADVANCE study enrolled various
populations around the world, enabling
us to test the development of PAD ac-
cording to differences in region of ori-
gin. Of note, we observed a relatively
low incidence of major PAD in Asians,
supporting previous studies that
showed a lower prevalence of PAD in
patients with diabetes and cardiovascular
disease from South Asia compared with
those of white European descent (13).
We also observed an increased risk forma-
jor PAD in Eastern Europeans compared
with Asians and people from established
market economies, which could be partly
explained by a high rate of current smok-
ing in Eastern Europeans.

This study has some limitations, nota-
bly in issues related to the post hoc anal-
yses of a randomized controlled trial and
the use of a clinical trial population,
which may not be representative of all
patients with type 2 diabetes. The ab-
sence of adjudication of major PAD
may have biased the results, but our
group has previously shown that the
central end point adjudication process
had no significant impact on the main
findings in ADVANCE (35). This study
also lacks data on other putative risk
factors, such as ABI and chronic inflamma-
tion biomarkers, which have been shown
to be associated with PAD (36–39).

In conclusion, we found that macro-
albuminuria and severe diabetic reti-
nopathy are strong and independent
predictors for major PAD in patients
with type 2 diabetes. These results en-
courage screening and prevention of
PAD in patients with type 2 diabetes
and microvascular complications and
suggest that diabetic microangiopathy
plays an important role in the pathogen-
esis of major PAD in such patients.
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Rönnemaa T, Pyörälà K, Laakso M. Retinopa-
thy predicts coronary heart disease events in
NIDDM patients. Diabetes Care 1996;19:1445–
1448

18. Cheung N, Rogers S, Couper DJ, Klein R,
Sharrett AR, Wong TY. Is diabetic retinopathy
an independent risk factor for ischemic stroke?
Stroke 2007;38:398–401
19. Targher G, Bertolini L, Zenari L, et al. Dia-
betic retinopathy is associated with an in-
creased incidence of cardiovascular events in
type 2 diabetic patients. Diabet Med 2008;25:
45–50
20. Kramer CK, Rodrigues TC, Canani LH, Gross JL,
Azevedo MJ. Diabetic retinopathy predicts all-
cause mortality and cardiovascular events in
both type 1 and 2 diabetes: meta-analysis of ob-
servational studies. Diabetes Care 2011;34:1238–
1244
21. Taniwaki H, Shoji T, EmotoM, et al. Femoral
artery wall thickness and stiffness in evaluation
of peripheral vascular disease in type 2 diabetes
mellitus. Atherosclerosis 2001;158:207–214
22. Kizu A, Koyama H, Tanaka S, et al. Arterial
wall stiffness is associated with peripheral
circulation in patients with type 2 diabetes.
Atherosclerosis 2003;170:87–91
23. Cardoso CR, Ferreira MT, Leite NC, Barros
PN, Conte PH, Salles GF. Microvascular degen-
erative complications are associated with in-
creased aortic stiffness in type 2 diabetic
patients. Atherosclerosis 2009;205:472–476
24. Dart AM, Kingwell BA. Pulse pressureda
review of mechanisms and clinical relevance.
J Am Coll Cardiol 2001;37:975–984
25. Suzuki E, Kashiwagi A, Nishio Y, et al. In-
creased arterial wall stiffness limits flow volume
in the lower extremities in type 2 diabetic pa-
tients. Diabetes Care 2001;24:2107–2114
26. Smith A, Karalliedde J, De Angelis L,
Goldsmith D, Viberti G. Aortic pulse wave veloc-
ity and albuminuria in patients with type 2 di-
abetes. J Am Soc Nephrol 2005;16:1069–1075
27. Bouchi R, Babazono T, Mugishima M, et al.
Arterial stiffness is associated with incident al-
buminuria and decreased glomerular filtration
rate in type 2 diabetic patients. Diabetes Care
2011;34:2570–2575
28. Liu JJ, Tavintharan S, Yeoh LY, et al. High
normal albuminuria is independently associated
with aortic stiffness in patients with type 2 di-
abetes. Diabet Med 2014;31:1199–1204
29. Rema M, Mohan V, Deepa R, Ravikumar R;
Chennai Urban Rural Epidemiology Study-2.

Association of carotid intima-media thickness
and arterial stiffness with diabetic retinopathy:
the Chennai Urban Rural Epidemiology Study
(CURES-2). Diabetes Care 2004;27:1962–1967
30. Lim LS, Ling LH, Cheung CM, et al. Relation-
ship of systemic endothelial function and
peripheral arterial stiffness with diabetic reti-
nopathy. Br J Ophthalmol 2015;99:837–841
31. Adler AI, Stevens RJ, Neil A, Stratton IM,
Boulton AJ, Holman RR. UKPDS 59: hyperglyce-
mia and other potentially modifiable risk factors
for peripheral vascular disease in type 2 diabe-
tes. Diabetes Care 2002;25:894–899
32. Frye RL, August P, Brooks MM, et al.; BARI
2D Study Group. A randomized trial of therapies
for type 2 diabetes and coronary artery disease.
N Engl J Med 2009;360:2503–2515
33. Jones WS, Patel MR, Rockman CB, et al. As-
sociation of the ankle-brachial index with his-
tory of myocardial infarction and stroke. Am
Heart J 2014;167:499–505
34. Potier L, Abi Khalil C, Mohammedi K,
Roussel R. Use and utility of ankle brachial index
in patients with diabetes. Eur J Vasc Endovasc
Surg 2011;41:110–116
35. Hata J, Arima H, Zoungas S, et al.; ADVANCE
Collaborative Group. Effects of the endpoint
adjudication process on the results of a rando-
mised controlled trial: the ADVANCE trial. PLoS
One 2013;8:e55807
36. Tzoulaki I, Murray GD, Price JF, et al. Hemo-
static factors, inflammatorymarkers, andprogres-
sive peripheral atherosclerosis: the Edinburgh
Artery Study. Am J Epidemiol 2006;163:334–
341
37. Pradhan AD, Shrivastava S, Cook NR, Rifai N,
Creager MA, Ridker PM. Symptomatic periph-
eral arterial disease in women: nontraditional
biomarkers of elevated risk. Circulation 2008;
117:823–831
38. Ho DY, Cook NR, Britton KA, et al. High-
molecular-weight and total adiponectin levels
and incident symptomatic peripheral artery
disease in women: a prospective investigation.
Circulation 2011;124:2303–2311
39. Fowkes FG, Murray GD, Butcher I, et al.;
Ankle Brachial Index Collaboration. Ankle bra-
chial index combined with Framingham Risk
Score to predict cardiovascular events and mor-
tality: a meta-analysis. JAMA 2008;300:197–208

8 Peripheral Arterial Disease in Type 2 Diabetes Diabetes Care


