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OBJECTIVE—The prognostic importance of carotid-femoral pulse wave velocity (PWV), the
gold standard measure of aortic stiffness, has been scarcely investigated in type 2 diabetes and
never after full adjustment for potential confounders. The aim was to evaluate the prognostic
impact of carotid-femoral PWV for cardiovascular morbidity and all-cause mortality in a cohort
of 565 high-risk type 2 diabetic patients.

RESEARCH DESIGN AND METHODS —Clinical, laboratory, ambulatory blood pres-
sure (BP) monitoring, and carotid-femoral PWV data were obtained at baseline. The primary end
points were a composite of fatal and nonfatal cardiovascular events and all-cause mortality.
Multiple Cox survival analysis was used to assess the associations between carotid-femoral
PWV, as a continuous variable and categorized at 10 m/s, and the end points.

RESULTS —Afier a median follow-up of 5.75 years, 88 total cardiovascular events and 72 all-
cause deaths occurred. After adjustments for potential cardiovascular risk factors, including
micro- and macrovascular complications, ambulatory BP, and metabolic control, carotid-femoral
PWV was predictive of the composite end point but not of all-cause mortality both as a con-
tinuous variable (hazard ratio 1.13 [95% CI 1.03-1.23], P = 0.009 for increments of 1 m/s) and
as categorized at 10 m/s (1.92 [1.16-3.18], P = 0.012). On sensitivity analysis, carotid-femoral
PWV was a better predictor of cardiovascular events in younger patients (<65 years), in those
with microvascular complications, and in those with poorer glycemic control (HbA,. =7.5%
[58.5 mmol/mol]).

CONCLUSIONS —Carotid-femoral PWV provides cardiovascular risk prediction indepen-
dent of standard risk factors, glycemic control, and ambulatory BPs and improves cardiovascular
risk stratification in high-risk type 2 diabetes.
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n the past decade, knowledge of the

importance of arterial stiffness in the

pathogenesis of cardiovascular diseases
grew (1,2). Arterial stiffness depends on the
structural and geometric properties of the
arterial wall and on the distending pres-
sure, and aging and blood pressure (BP)
are its main determinants (1,2). The mea-
surement of carotid-femoral pulse wave
velocity (PWV) is considered the gold stan-
dard evaluation of central aortic stiffness
(1). Furthermore, aortic stiffness has been
demonstrated to predict cardiovascular
morbidity and mortality above and beyond
other traditional cardiovascular risk factors

in patients with end-stage renal disease
(3) and hypertension (4), elderly individ-
uals (5), and general population-based
samples (6,7). This prognostic importance
has also been recently confirmed in a meta-
analysis (8).

Type 2 diabetic patients have increased
arterial stiffness (9—11) and are at particular
risk for augmented cardiovascular morbid-
ity and mortality. This high cardiovascular
risk is not completely explained by cluster-
ing of traditional risk factors, and increased
arterial stiffness may be one pathophysio-
logical mechanism that links diabetes to in-
creased cardiovascular morbidity and
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mortality (12). Nevertheless, only one pre-
vious study investigated the prognostic im-
pact of increased aortic stiffness for
cardiovascular outcomes in type 2 diabetes
(13), but because of a smaller sample size
(397 diabetic individuals), the study could
not completely adjust for traditional car-
diovascular risk factors, chronic diabetes
complications, or metabolic control param-
eters. Therefore, we aimed to investigate
in a prospective follow-up cohort of high-
risk type 2 diabetic patients the prognostic
impact of increased aortic stiffness for car-
diovascular morbidity and mortality and
for all-cause mortality. In particular, we
evaluated whether aortic stiffness was able
to add prognostic information beyond tra-
ditional cardiovascular risk markers and
whether there were interactions between
aortic stiffness and other important covari-
ates, such as age, sex, presence of diabetes
complications, and glycemic control.

RESEARCH DESIGN AND
METHODS

Patients and baseline procedures

This report includes the first 565 patients
from the Rio de Janeiro Type 2 Diabetes
Cohort Study enrolled between August
2004 and December 2008 in the type 2
diabetes outpatient clinic of our tertiary
care university hospital and followed up
until June 2012. All participants gave
written informed consent, and the local
ethics committee approved the study pro-
tocol. The enrollment criteria, baseline
protocol, and diagnostic definitions have
been detailed previously (14-17). In brief,
inclusion criteria were all adult type 2 di-
abetic individuals up to 80 years old with
either any microvascular or macrovascular
complication or at least two other modifi-
able cardiovascular risk factors. Exclusion
criteria were morbid obesity (BMI =40
kg/m?), advanced renal failure (serum cre-
atinine >180 pmol/L or estimated glomer-
ular filtration rate <30 mL/min/1.73 m?),
or the presence of any serious concomitant
disease limiting life expectancy. Specifically
for this analysis, patients with aortoiliac
occlusive disease were excluded be-
cause of the condition’s effect on PWV
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measurement (15). None of the patients
had a left ventricular ejection fraction
<40%. All were submitted to a standard
protocol that included a complete clinical
examination, laboratory evaluation, 24-h
ambulatory BP monitoring (ABPM), and
carotid-femoral PWV measurement. Diag-
nostic criteria for chronic diabetic compli-
cations were detailed previously (14-17).
Coronary heart disease was diagnosed by
clinical criteria, electrocardiographic crite-
ria, or positive ischemic stress tests. Cere-
brovascular disease was diagnosed by
history and physical examination and pe-
ripheral arterial disease by an ankle-
brachial index <0.9. Diabetic retinopathy
was evaluated by an ophthalmologist. The
diagnosis of nephropathy needed at least
two albuminuria measures of =30 mg in
24 h or proteinuria measures of =0.5 gin
24 h or a confirmed reduction of glomer-
ular filtration rate (<60 ml/min/1.73 m*
or serum creatinine >130 wmol/L). Pe-
ripheral neuropathy was ascertained by
clinical examination (knee and ankle reflex
activities and feet sensation determined by
Semmes-Weinstein monofilament and vi-
bration examination with a 128-Hz tuning
fork).

Clinic BP was measured three times
with a digital oscillometric BP monitor
(HEM-907XL; Omron Healthcare, Kyoto,
Japan) with a suitable-size cuff on two
occasions 2 weeks apart at study entry. The
first measure of each visit was discarded,
and the mean of the last two BP readings of
each visit was used. Arterial hypertension
was diagnosed if the mean systolic BP (SBP)
was =130 mmHg or the mean diastolic BP
(DBP) was =80 mmHg or if antihyperten-
sive drugs were prescribed. ABPM was re-
corded in the following month with use of
Mobil-O-Graph version 12 equipment. Pa-
rameters evaluated were 24-h SBP, DBP,
pulse pressure (PP), and circadian BP vari-
ability pattern (normal dipping defined as
=10% nocturnal BP fall in relation to day-
time levels). Laboratory evaluation included
fasting glycemia, glycated hemoglobin, se-
rum creatinine, and lipids. Albuminuria
and proteinuria were evaluated in two non-
consecutive sterile 24-h urine collections.

Aortic stiffness measurement

Immediately after the 24-h ABPM re-
cording, a single trained independent ob-
server unaware of patient data measured
PWYV along the descending thoracoabdo-
minal aorta (central arterial stiffness) by the
foot-to-foot velocity method with Com-
plior equipment (Artech-Medical, Val De
Marne, France), as previously validated

(18). Briefly, waveforms were obtained
transcutaneously over the right-side
common carotid and femoral arteries si-
multaneously during a minimum period
of 10-15 s. The time delay (t) in seconds
was measured between the feet of the two
waveforms, and the distance (D) in me-
ters covered by the waves was measured
directly between femoral and carotid re-
cording sites. PWV was calculated as D / t.
Three consecutive readings were obtained,
and PWV was considered to be the mean
between them. We used the recommended
scaling factor of 0.8 to convert PWV ob-
tained through direct distances to real
PWV (19). The cutoff value for considering
increased aortic PWV was 10 m/s (19).

Follow-up and end points

The patients were followed up regularly at
least three to four times a year until June
2012. The observation period for each
patient was the number of months from
the date of the first clinical examination
to the date of the last clinical visit in 2012
or the date of the first end point. Except
for those who died, no patient was lost to
follow-up. The primary end points com-
prised a composite of all fatal or nonfatal
cardiovascular events and all-cause mortal-
ity. Cardiovascular events were as follows:
fatal or nonfatal acute myocardial infarction
(AMI), sudden cardiac death, new-onset
heart failure, death from progressive heart
failure, any myocardial revascularization
procedure (surgical or not), fatal or non-
fatal stroke, any aortic or lower-limb re-
vascularization procedure (surgical or not),
any amputation above the ankle, and death
from aortic or peripheral arterial disease.
End points were ascertained from medical
records, death certificates, and interviews
with attending physicians and patient fam-
ilies through a standard questionnaire re-
viewed by two independent observers.

Statistical analysis

Continuous variables are described as
mean and SD or median and interquartile
range (IQR). Survival analyses were per-
formed by Kaplan-Meier estimation of
event-free survival curves and compared by
log-rank tests (with patients divided ac-
cording to carotid-femoral PWV >10 m/s)
and multivariate Cox proportional hazards
regression. For patients with multiple
events, analysis was restricted to the first
event under study. Results are presented
as hazard ratios (HRs) with their 95%
CIs. Carotid-femoral PWV was analyzed
both as a continuous variable (for 1 m/s
and 1-SD increments) and as divided at
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10 m/s. First, carotid-femoral PWV was ad-

justed for age and sex and then fully ad-
justed for all potential risk factors: age,
sex, BMI, diabetes duration, smoking
status, physical inactivity, number of anti-
hypertensive drugs in use, presence of
macro- and microvascular complications
at baseline, 24-h SBP, glycated hemoglo-
bin, HDL and LDL cholesterol, and statin
and aspirin use. A separate analysis was
performed by entering 24-h PP instead of
24-h SBP into the same multivariate-
adjusted model. Additionally, other analy-
ses were carried out separately for cardiac
and cerebrovascular-peripheral events and
for cardiovascular and noncardiovascular
mortality. We compared the predictive per-
formance of Cox models with and without
aortic PWV by calculating the Akaike infor-
mation criterion (AIC), which carries a pen-
alty for the number of variables used in the
model and, therefore, can be compared di-
rectly across models with differing num-
bers of variables (20). A lower AIC value
indicates a better prediction. For assessing
the improvement of discrimination perfor-
mance after the addition of aortic PWV to
the models, we used the C statistic (anal-
ogous to the area under the receiver op-
erating characteristic curve applied to
time-to-event analysis), compared by the
method proposed by DeLong et al. (21),
and the integrated discrimination improve-
ment (IDI) index (22). The ID1 is equivalent
to the difference in discrimination slopes
between models with and without the
new variable, and its calculation is based
on continuous differences in predicted
risk in new and old models in individual
cases and controls. Thus, the IDI is free
from the dependence on empirical risk cat-
egories that is inherent to reclassification
tables and can be used as an objective in-
dicator of reclassification improvement
(7,22). In sensitivity and interaction anal-
yses, interaction terms were tested between
aortic PWV and age (<65 or =65 years), sex,
presence of macro- and microvascular
complications, and glycemic control
(HbA,. <7.5% or =7.5% [58.5 mmol/
mol]), and stratified survival analyses
were performed for the composite end
point. Additionally, patients with events
during the first year of follow-up were ex-
cluded to examine for possible reverse
causality between aortic stiffness and out-
comes. A two-tailed P < 0.05 was consid-
ered significant. Statistical analyses were
performed with SPSS version 19.0 (IBM
Corporation, Chicago, IL) and R version
2.15.0 (R Foundation for Statistical Com-
puting, Vienna, Austria).
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Aortic stiffness and prognosis in diabetes

Table 1—Characteristics of all type 2 diabetic patients divided according to carotid-femoral PWV categorized at 10 m/s

Characteristic All patients (n = 565) Patients with PWV =10 m/s (n = 352)  Patients with PWV >10 m/s (n = 213)
Male sex 37.7 36.4 39.9

Age (years) 60.4 (9.5) 57.9 (9.2) 64.6 (8.4)*

Diabetes duration (years) 10.2 (8.5) 8.1(7.7) 13.6 (8.8)*

BMI (kg/mz) 29.5 (4.8) 29.4 (4.8) 29.5 (4.8)

Smoking, current or past 44.1 423 46.9

Physical activity 232 20.1 18.3%

Dyslipidemia 87.4 85.2 91.1%

Statin use 76.5 72.4 83.1%

Diabetes treatment

Metformin 86.7 87.8 85.0

Sulfonylureas 44.2 45.2 42.7

Insulin 48.0 42.0 57.7*

Aspirin 91.3 90.3 93.0
Arterial hypertension 86.2 80.7 95.3*
Antihypertensive treatment
Number of drugs 2 (1-3) 2 (1-3) 3 (2-4)*
ACEIs/ARBs 83.4 79.4 90.0F
Diuretics 68.1 60.2 81.0*
B-Blockers 50.5 47.7 55.0
Calcium channel blockers 31.7 259 41.2*

SBP (mmHg)

Clinic 148 (24) 143 (23) 156 (25)*

24 h 129 (15) 127 (14) 132 (16)*
DBP (mmHg)

Clinic 85 (13) 84 (13) 85 (14)

24 h 74 (10) 75 (9) 73 (10)*
Normal dipping pattern 423 46.2 36.0%
Chronic diabetes complications
Cerebrovascular disease 9.0 6.8 12.7%
Coronary artery disease 16.3 14.8 18.8
Peripheral artery disease 17.9 11.6 28.2%
Retinopathy 343 22.8 53.3*
Nephropathy 30.7 25.1 39.9*%
Peripheral neuropathy 29.8 20.5 45.3*%
Laboratory variables

Fasting glucose (mmol/L) 8.88 (3.77) 8.77 (3.66) 9.05 (3.94)

Glycated hemoglobin (%) 8.0(1.9) 7.9(1.9 8.1(1.9)

Glycated hemoglobin (mmol/mol) 64.0 (20.8) 62.9 (20.8) 65.1 (20.8)

Triglycerides (mmol/L) 1.59 (1.10-2.42) 1.50 (1.07-2.40) 1.69 (1.15-2.44)

HDL cholesterol (mmol/L) 1.09 (0.28) 1.09 (0.28) 1.09 (0.28)

LDL cholesterol (mmol/L) 3.05(0.98) 3.05 (0.98) 3.08 (1.01)

Creatinine (pmol/L) 70.7 (61.9-88.4) 70.7 (61.9-88.4) 79.6 (70.7-97.2)*

GFR (mL/min/1.73 mz) 86 (68-110) 95 (73-117) 74 (62-96)*

Albuminuria (mg/24 h) 14 (7—40) 13 (7-29) 17 (8-73)F

Data are %, mean (SD), and median (IQR). ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; GFR, glomerular filtration rate. *P <
0.001 for bivariate comparisons between patients divided according to aortic PWV >10 m/s. P < 0.01 for bivariate comparisons between patients divided according
to aortic PWV >10 m/s. £P < 0.05 for bivariate comparisons between patients divided according to aortic PWV >10 m/s.

RESULTS

Baseline characteristics and follow-
up end points

Mean carotid-femoral PWV was 9.6
(SD 2.1) m/s (median 9.3 [IQR 8.1-
10.8] m/s). A total of 213 (37.7%) patients
had increased (>10 m/s) aortic stiffness.
Table 1 shows the characteristics of all

patients enrolled and divided according
to aortic PWV >10 m/s. Patients with
high central PWV were older, had a higher
prevalence of arterial hypertension and
dyslipidemia, had longer diabetes duration,
used insulin more frequently, and were less
physically active than those with aortic
PWV =10 m/s. Despite being under a
more intense antihypertensive treatment,

they had higher clinic and ambulatory
BPs and had the nondipping pattern more
frequently than patients with lower aortic
PWV. They also had a higher prevalence of
all chronic degenerative diabetes complica-
tions, except for coronary artery disease,
than patients with lower aortic stiffness.
After a median follow-up of 5.75 years
(range 4-94 months), which corresponds
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Table 2—Results of multivariate Cox survival analyses for associations between aortic PWV analyzed as a continuous variable or
categorized at >10 m/s and end points

Age- and sex-adjusted model
HR (95% CI)  Pvalue AICt C statistic (95% CD)%

Multivariate-adjusted model*

HR (95% CI)  Pvalue AICY C statistic (95% CD#

End point

All cardiovascular events
(n =88)
Continuous aortic PWV

1 m/s increase 1.18 (1.09-1.28) <0.001 1,000 0.609 (0.567-0.649) 1.13 (1.03-1.23) 0.009 1,000 0.750 (0.712-0.786)

1-SD increase 1.50 (1.24-1.81) 988 0.668 (0.627-0.706)§ 1.32 (1.06-1.63) 988 0.762 (0.724-0.797)
Aortic PWV >10m/s  2.47 (1.53-3.99) <0.001 1,000 0.609 (0.567-0.649) 1.92 (1.16-3.18) 0.012 1,000 0.750 (0.712-0.786)
989 0.666 (0.625-0.705)§ 989 0.755 (0.717-0.790)
All-cause mortality
(n=72)
Continuous aortic PWV
1 m/s increase 1.11 (1.01-1.22) 0.026 841 0.680 (0.639-0.718) 1.06(0.95-1.17) 0.30 841 0.795 (0.759-0.828)
1-SD increase 1.29 (1.04-1.60) 838 0.700 (0.659-0.737) 1.14 (0.89-1.46) 838 0.798 (0.762-0.831)
Aortic PWV >10 m/s 1.81 (1.10-3.00) 0.021 841 0.680 (0.639-0.718) 1.34(0.77-2.24) 0.31 841 0.795 (0.759-0.828)
838 0.698 (0.658-0.736) 838 0.796 (0.759-0.829)

*Adjusted for the following covariates: age, sex, BMI, diabetes duration, smoking status, physical activity, number of antihypertensive drugs in use, presence of macro-
and microvascular complications at baseline, 24-h SBP, glycated hemoglobin, HDL and LDL cholesterol, statin and aspirin use, and mean BP and heart rate during
PWV measurement. Values are AIC before and after the addition of aortic PWV to the model; a lower value indicates a better prediction. £C statistic values are before
and after the addition of aortic PWV to the model; a higher value indicates better discrimination. §P < 0.05 for comparisons of C statistics before and after the addition

of aortic PWV to the model.

to 3,134 patient-years of follow-up, 88
(15.6%) patients presented with a first fatal
or nonfatal cardiovascular event (12 non-
fatal strokes, 8 nonfatal AMIs, 14 myocar-
dial revascularizations, 4 new-onset heart
failures, 12 nonfatal peripheral artery events
[amputation or revascularization], and 38
cardiovascular deaths [7 strokes, 14 AMIs,
4 heart failures, 11 sudden deaths, and 2
deaths from peripheral artery disease]).
The crude incidence rate of total cardiovas-
cular events was 2.77 per 100 patient-years
of follow-up. There were 72 all-cause
deaths (12.7%, incidence rate 2.26 per
100 patient-years) and 38 deaths from car-
diovascular disease, 15 from cancer, 12
from infectious diseases, and 7 from other
causes. Patients with increased aortic stiff-
ness had a higher incidence of cardio-
vascular events (4.75 vs. 1.82 per 100
patient-years, P < 0.001) and of all-cause
deaths (3.67 vs. 1.57 per 100 patient-years,
P < 0.001) than patients with lower aortic
PWV.

Survival analyses

Table 2 shows the results of Cox propor-
tional hazards regression for carotid-
femoral PWV analyzed as a continuous
variable and categorized at 10 m/s as a
predictor of the two primary end points.
Aortic PWV was a predictor of total cardio-
vascular events but not of all-cause deaths
after full statistical adjustments, with a 13%
excess risk for each 1 m/s increase in aortic

PWV (corresponding to a 32% excess risk
for a 1-SD increment) and a nearly twofold
higher risk for those with increased (>10
m/s) aortic stiffness. Adjusting to ambula-
tory PP instead of SBP did not change the
results. Furthermore, as assessed by AIC,
the addition of aortic PWV to all survival
models improved their predictive perfor-
mance, except in the fully adjusted model
for all-cause mortality. Assessed as the C
statistic, on the other hand, only the sex-
and age-adjusted models for total car-
diovascular events showed improved
discrimination after the addition of aortic
PWYV (Table 2). However, when assessed
by the IDI, the addition of aortic PWV to
sex- and age-adjusted models resulted in a
discrimination improvement of 2.3%
(95% CI 0.3-5.7%, P < 0.001) and to
fully adjusted models, 2.2% (0.1-5.3%,
P = 0.03) for total cardiovascular events
prediction. For all-cause mortality, the
addition of aortic PWV marginally im-
proved integrated discrimination by
1.0% (0-4.0%, P = 0.05) in sex- and
age-adjusted models but did not improve
discrimination in fully adjusted models
(0.1% [—0.3 t0 2.6%], P = 0.48). Kaplan-
Meier survival curve analysis confirmed
the worse prognosis associated with in-
creased aortic stiffness (Fig. 1). Together,
these findings indicate that the addition
of aortic PWV to standard cardiovascular
risk factors actually improved model pre-
diction and discrimination, except for

all-cause mortality in a previously fully
adjusted model.

When analyzed separately for cardio-
vascular (38 events) and noncardiovascular
mortality (34 events), continuous aortic
PWV was a predictor of only cardiovascular
mortality, with HRs greater than those for
all-cause mortality (1.16 [95% CI 1.02—
1.32], P = 0.024 after adjustment for age
and sex, and 1.15 [0.99-1.34], P = 0.072
after full statistical adjustments), whereas
no association was found between aortic
PWV and noncardiovascular mortality
(1.07 [0.94-1.23], P = 0.26, and 0.95
[0.82-1.11], P = 0.54, after age and sex
adjustment and complete statistical adjust-
ment, respectively). Additionally, when an-
alyzed separately, an increased aortic PWV
equally predicted cardiac (1.17 [1.06—
1.30], P = 0.002) and cerebrovascular-
peripheral (1.14 [1.02-1.27],P=0.022)
events for increments of 1 m/s after age
and sex adjustments.

Table 3 shows the results of sensitiv-
ity and interaction analyses. Age signifi-
cantly influenced the prognostic value of
aortic PWV in that younger patients (<65
years) with increased aortic stiffness had
the highest cardiovascular risk (fourfold),
whereas in elderly patients, aortic PWV
was not a predictor of cardiovascular events.
The significant interaction with age per-
sisted when end points were evaluated
separately for cardiac and cerebrovascular-
peripheral events. When analyzed as a
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Log-rank test: A-PWV >10 m/s

P <0.001

B- PWV <10 m/s

All cardiovascular events (%)

0.0
0 12 24 36 48 60 72 84 96

Number of patients at risk:
A: 205 191 169 148 121
B: 346 332 312 283 226

Months

76 26
142 46

Log-rank test:

P <0.001 A-PWV >10 m/s

B- PWV <10 m/s

All-cause mortality (%)

0.0
0 12 24 36 48 60 72 84 96

Number of patients at risk:
A: 209 201 185 171 140 85 28
B: 346 334 318 297 239 149 48

Months

Figure 1—Kaplan-Meier curves of all incident
cardiovascular events and of all-cause mor-
tality in type 2 diabetic patients grouped ac-
cording to aortic PWV categorized at 10 m/s.

dichotomous variable, patients with mi-
crovascular complications and poorer
glycemic control (HbA,. =7.5% [58.5
mmol/mol]) also had greater cardiovascu-
lar risks associated with increased aortic
stiffness than their counterparts without
microvascular complications and with
better metabolic control. Excluding pa-
tients with cardiovascular events during
the first year of follow-up did not change
the prognostic impact of carotid-femoral
PWV, suggesting no reverse causality be-
tween aortic stiffness and cardiovascular
events.

CONCLUSIONS —This prospective
cohort study shows that increased aortic
stiffness, measured by carotid-femoral PWV,
is a predictor of future fatal or nonfatal
cardiovascular events in high-risk type 2
diabetic patients over and beyond tradi-
tional cardiovascular risk factors, presence
of micro- or macrovascular diabetes com-
plications, metabolic control parameters,
and ambulatory BP levels. Furthermore,
it shows that the addition of arterial
stiffness improved cardiovascular risk

stratification in relation to a prediction
model with standard risk markers and that
its predictive power is higher in younger
individuals and patients with microvascu-
lar complications and poor glycemic con-
trol. Overall, this study suggests that aortic
stiffness measurement should be incorpo-
rated into cardiovascular risk assessment
of high-risk type 2 diabetic patients.

Previous studies established the prog-
nostic value of aortic stiffness in patients
with end-stage renal disease (3,23), arte-
rial hypertension (4,24), and chest pain
(25) and in population-based samples of
elderly (5,26) and middle-aged individu-
als (6,7). Nevertheless, only one study
(13) evaluated the prognostic impact of
aortic stiffness in 397 type 2 diabetic pa-
tients and 174 nondiabetic individuals
(55 with glucose intolerance) followed
for a mean of 10 years. The study showed
that central aortic stiffness measured by
flow Doppler PWV was a predictor of car-
diovascular mortality (HR 1.08 [95% CI
1.03-1.14] for each 1 m/s increment) to-
gether with age and sex in the diabetes
subgroup. In the analysis with all individ-
uals combined, aortic stiffness remained
an independent predictor of mortality to-
gether with age, sex, glucose tolerance
status, smoking, and ethnicity. However,
this pioneering study did not adjust for
important covariates, such as serum lip-
ids, presence of diabetes complications,
and metabolic control parameters. Hence,
the present study is the first in our knowl-
edge to perform a comprehensive statisti-
cal adjustment for potential confounders
of the association between arterial stiff-
ness and occurrence of cardiovascular
events. In this sense, we also adjusted
forambulatory BPs, which have been con-
sistently demonstrated to be better risk
markers than clinical BPs (27,28). Only
one previous study (6) adjusted survival
analysis for ambulatory BPs. Therefore,
the present study confirmed and ad-
vanced previous results (13) by showing
that increased aortic stiffness added prog-
nostic information over standard risk fac-
tors and may be considered a valuable
biomarker of cardiovascular disease risk
in type 2 diabetic individuals.

The finding that the predictive per-
formance of aortic stiffness seemed to be
stronger in younger patients than in older
ones had been previously described in
patients with end-stage renal failure (8)
and could possibly reflect selective sur-
vival bias in which very high-risk individ-
uals with increased aortic stiffness died
earlier and were underrepresented in

cohort studies or elderly survivors were
less vulnerable to the adverse effects of in-
creased arterial stiffening. Otherwise, the
differential prognostic influence of aortic
stiffness in patients with microvascular
complications and poor glycemic control,
observed exclusively in the analyses with
dichotomized aortic PWV, is a new find-
ing that needs confirmation from other
large cohorts of diabetic patients. How-
ever, we had previously demonstrated in
cross-sectional analysis (15) that aortic
stiffness was independently associated
with diabetic microvascular disease, partic-
ularly with retinopathy, raising a hypothesis
of cross talk between macro- and microcir-
culatory disease in diabetes (12).

The physiopathological mechanisms
linking increased aortic stiffness to car-
diovascular events occurrence are still
largely unclear. The widely accepted con-
cept that a high aortic PWV leads to an
early backward pulse wave return and
higher systolic and lower diastolic central
pressures, causing a rise in left ventricular
workload and subsequent hypertrophy
and a decrease in coronary perfusion with
consequent myocardial oxygen demand/
perfusion imbalance, has been ques-
tioned in a study from the Framingham
cohort (7). The study showed that aortic
PWV, but not measures of central aortic
pressures or of backward pulse wave re-
flex (augmentation index), was a strong
cardiovascular risk predictor. Otherwise,
aortic PWV may be an integrate indicator
not only of the effects of aging and genetic
background, but also of the cumulative
damage of cardiovascular risk factors on
the arterial wall over time (8). Particularly
in diabetes, aortic stiffness may be accel-
erated by long-term hyperglycemia and
formation of advanced glycation end
products on the arterial wall, with loss
of elastin and increased collagen cross-
links (29). Nevertheless, whether arterial
stiffening can be reduced by treatment
and, most important, whether this im-
provement will be translated into a better
prognosis still remains to be demon-
strated. Some studies suggested that aor-
tic stiffness can be improved independent
of BP changes by interventions such as salt
restriction and use of renin-angiotensin
system blockers (30,31) and in diabetes,
by breakers of advanced glycation end
product cross-links (32). Moreover, one
study reported that aortic stiffness atten-
uation may be associated with improved
survival in patients with end-stage renal
failure (33). If these results were more
widely confirmed, then decreasing aortic
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Table 3—Sensitivity and interaction analyses for total cardiovascular events end point

Continuous aortic PWV (1 m/s increase)

Aortic PWV >10 m/s

P value P value

Variable Subgroup stratus HR (95% CI) for interaction HR (95% CI) for interaction

Age <65 years 1.22 (1.09-1.38)* 0.004 4.18 (2.02-8.63)* 0.009
=65 years 0.95 (0.81-1.12) 0.69 (0.33-1.42)

Sex Male 1.13 (1.01-1.28)% 0.33 2.27 (0.93-5.51) 0.47
Female 1.06 (0.92-1.21) 1.52 (0.79-2.95)

Macrovascular disease Absent 1.09 (0.94-1.27) 0.47 1.47 (0.70-3.08) 0.79
Present 1.10 (0.98-1.24) 2.09 (0.94—4.61)

Microvascular disease Absent 1.05 (0.83-1.34) 0.66 0.55(0.19-1.58) 0.045
Present 1.12 (1.01-1.24)% 2.74 (1.38-5.44)F

Glycated hemoglobin <7.5% (58.5 mmol/mol) 1.11 (0.94-1.3D) 0.83 1.01 (0.47-2.20) 0.016

=7.5% (58.5 mmol/mol)

Patients without cardiovascular
events during the first year
of follow-up

1.12 (0.99-1.25)

1.15 (1.05-1.25)t

2.61 (1.25-5.49)%

2.00 (1.18-3.39)%

All models were fully adjusted as described in Table 2, except for the stratification variable. *P < 0.001, P < 0.01, P < 0.05.

stiffness may be a potential treatment tar-
get, at least in high-risk patients.

We acknowledge some limitations of
the study. An observational cohort study
cannot definitely demonstrate that there
is a causal link underlying the association
between aortic stiffness and cardiovas-
cular events. We also cannot rule out
residual confounding by duration or se-
verity of associated risk factors. In addi-
tion, the separate analyses of cardiac and
cerebrovascular-peripheral events and
of cardiovascular and noncardiovascular
mortality should be met with caution
because of the small number of events
and consequent overfitting. We evaluated
a middle-aged to elderly high-risk type 2
diabetes cohort; therefore, the results may
not be generalizable to younger or lower-
risk type 2 diabetic individuals. Otherwise,
the strengths of the study are that it was the
first to use the recently recommended 80%
correction factor for the direct carotid-
femoral distance measurement (19), which
seems to be the most accurate body surface
estimate of the true distance, although it
did not influence the associations between
aortic stiffness and cardiovascular risk.
More important, we obtained a complete
and standardized evaluation of risk factors,
ambulatory BPs, metabolic control param-
eters, and presence of diabetes complica-
tions of the whole studied group that
could potentially influence the prognostic
impact of aortic stiffness.

In conclusion, we demonstrate that
carotid-femoral PWV, a noninvasive, safe,
and readily implemented method of as-
sessing aortic stiffness in an office setting
with relatively inexpensive equipment

and modest training, provided prognostic
information beyond traditional and less
traditional risk factors in a high-risk type
2 diabetes population. Whether measures
to decrease aortic stiffness will translate
into reduction of cardiovascular risk de-
mands future studies.
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