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Abstract
Lipoprotein[a] may represent an independent risk factor for peripheral arterial disease of lower limbs
(LL-PAD), but prospective data are scant. We estimated the association between baseline lipoprotein
[a] with prevalent and incident LL-PAD in older subjects from the InCHIANTI Study.LL-PAD,
defined as an ankle-brachial index (ABI)<0.90, was assessed at baseline and over a six-year follow-
up in a sample of 1002 Italian subjects aged 60-96 years. Plasma lipoprotein[a] as well as potential
traditional and novel cardiovascular risk factors (including a score based on relevant inflammatory
markers) were entered in multivariable models to assess their association with prevalent and incident
LL-PAD.At baseline, lipoprotein[a] concentration was directly related to the number of elevated
inflammatory markers (p< 0.05). There were 125 (12.5%) prevalent cases of LL-PAD and 57 (8.3%)
incident cases. After adjustment for potential confounders, participants in the highest quartile of the
lipoprotein[a] distribution (≥32.9 mg/dl) were more likely to have LL-PAD compared to those in the
lowest quartile (odds ratio, OR=1.83, 95% confidence interval, CI=1.01-3.33). The association was
stronger (OR=3.80, 95% CI=1.50-9.61) if LL-PAD was defined by harder criteria, namely ABI
<0.70. Compared to subjects in the lowest lipoprotein[a] quartile, those in the highest quartile showed
a somewhat increased risk of incident LL-PAD (lowest quartile, 7.7%, highest quartile 10.8%), but
the association was not statistically significant (OR 1.52, 95% CI 0.71-3.22). In conclusion,
lipoprotein[a] is an independent LL-PAD correlate in the cross-sectional evaluation, but further

© Published by Excerpta Medica, Inc.
Corresponding Author: Stefano Volpato, MD,MPH Department of Clinical and Experimental Medicine, University of Ferrara Via
Savonarola, 9 I-44100 Ferrara, ITALY vlt@unife.it PHONE: +39 0532 247409 FAX +39-0532-210884.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.
Disclosures:
The authors have no conflicts of interest to disclose

NIH Public Access
Author Manuscript
Am J Cardiol. Author manuscript; available in PMC 2011 June 15.

Published in final edited form as:
Am J Cardiol. 2010 June 15; 105(12): 1825–1830. doi:10.1016/j.amjcard.2010.01.370.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



prospective studies on larger populations, with longer follow-up and more definite LL-PAD ranking
might be needed to establish a longitudinal association.
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Introduction
Several epidemiologic studies suggest that plasma Lp[a] is a strong risk factor for coronary
heart disease [1,2] and stroke [3], while fewer investigations assessed the risk for LL-PAD
yielding controversial results [4,5]. Differences in Lp[a] plasma levels between populations
[6] suggest ethnic differences in the control of Lp[a] concentration, which may imply
potentially different prognostic values; while LL-PAD has been investigated in Italy [7,8], only
one population-based study examined Lp[a] and the risk of LL-PAD [9]. A pathophysiological
link between elevated Lp[a] levels and LL-PAD is plausible since this molecule has both
atherogenic and thrombogenic properties. Lp[a] contributes to foam cell formation because it
is prone to oxidative modification, and when oxidated, it is taken up by the scavenger receptor
pathway [10]; besides, apo[a] has structural homology with plasminogen suggesting that Lp
[a] may exert anti-fibrinolytic properties [11]. Prevalence of LL-PAD increases with age [8,
12] and older patients with LL-PAD suffer from faster functional decline, greater disability,
and higher mortality compared to those without LL-PAD [13]. Identifying risk factors for LL-
PAD onset may disclose new opportunities for prevention and cure, therefore contributing to
decrease the burden of morbidity and functional consequences of LL-PAD in older persons.
Using data from a population-based study of older Italian individuals, we investigated the
relation of baseline plasma Lp[a] levels with prevalent and incident LL-PAD.

Methods
The InCHIANTI study is a prospective, population-based study of randomly selected older
people living in two cities in the Chianti area, Tuscany, Italy. The study was designed by the
Laboratory of Clinical Epidemiology of the Italian Research Council of Aging (Florence, Italy)
to identify risk factors for late-life disability, as previously described [14]. Briefly, participants
were selected from the city registries of Greve in Chianti and Bagno a Ripoli using a multistage
sampling method. In 1998, 1453 persons randomly selected from the population agreed to
participate in the project (91.6% response rate). The Italian National Research Council on
Aging Ethical Committee ratified the study protocol and participants provided written consent
to participate. The present analysis was performed in 1002 persons ≥ 60 years, with an ankle
brachial index (ABI) lower than 1.5, and with plasma Lp[a] measured at baseline. Of the
original 1453 participants enrolled in the study, 250 were excluded because they were younger
than 60, three because of an ABI >1.5, 182 because they had no ABI assessment at baseline,
and 16 had missing Lp[a] values. The longitudinal analysis was limited to 686 participants
without prevalent LL-PAD at baseline and with at least one valid ABI measure over the follow-
up: 125 were excluded because of prevalent LL-PAD, 47 because had died and 144 because
they did not have ABI assessment at follow-up. Observation that were lost to follow-up (n=191)
were significantly, more likely to be older, male, and have higher levels of inflammatory
markers; they had similar baseline levels of Lp[a] and similar ABI score.

The ABI was measured during the clinical test session with a handheld Doppler stethoscope
(Parks model 41-A; Parks Medical Electronics, Inc, Aloha, Ore). As previously described
[15], systolic pressures were measured twice in the right brachial artery and twice in each
posterior tibial artery. The highest pressure in each set of measurements was used to calculate
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the ABI score by dividing the lowest of the two systolic pressures for each leg by the brachial
artery pressure. The ABI was measured at baseline and LL-PAD was defined as an ABI less
than 0.90 and absence of LL-PAD as an ABI between 0.90 and 1.50. Individuals were excluded
if their ABI >1.50, indicating poorly compressible leg arteries and inability to gauge arterial
perfusion accurately. An ABI <0.90 is consistent with LL-PAD [16]. Participants were
revaluated for ABI over the follow-up at three and six years. Incident LL-PAD cases were
defined as an ABI <0.90 at any follow-up visit among those without prevalent LL-PAD (ABI
<0.90 at baseline).

Blood samples were obtained from participants after a 12-hour fast. Aliquots of serum and
plasma were stored at −80°C and were not thawed until analyzed. Lp[a] concentration was
evaluated by measuring apo[a] from frozen plasma by an ELISA test (Mercodia, Uppsala,
Sweden) [17] where 1 U apo[a] is approximately equal to 0.7 mg Lp[a] (Mercodia Manual);
the results are expressed in mg/dl. This assay is very sensitive and highly specific and gives
no measurable cross-reactivity with plasminogen and apolipoprotein B; besides it minimizes
the possible interference of heterogeneity in apolipoprotein(a) isoforms with the results; the
detection limit is 0.0035 mg/dl; the overall coefficient of variation for Lp[a] measurements in
this study was 6.6%. High-density lipoprotein (HDL-C) cholesterol, total cholesterol and
triglycerides were determined using commercial enzymatic tests (Roche Diagnostics,
Mannheim, Germany). We used the Friedwald equation to calculate low density lipoprotein
cholesterol (LDL-C) concentration. Oxidized LDL were measured by ELISA (Mercodia,
Uppsala, Sweden).

Cigarette-smoking behavior was assessed through survey questions. Daily alcohol (g/day) and
total energy intake (Kcal/day/Kg) were estimated by the European Prospective Investigation
into Cancer and Nutrition Food Frequency Questionnaire [18]. Weight and height were
measured using objective standard techniques and used to calculate body mass index (BMI,
Kg/m2). Physical activity during the year prior to the interview was assessed through an
interviewer-administered questionnaire as previously described [19]. Responses were coded
on an ordinal scale ranging from 1 to 7. A score of 1 indicated no physical activity (bed rest)
and a score of 6 indicated intense physical activity (ie, a sport activity) performed several times
per week. A score of 7 denoted participants who engaged in intensive and prolonged physical
activity (at least 5 km of walking per day occurring at least 5 times per week) consistently over
the past 5 years.

The presence of specific medical conditions was established using standardized criteria that
combined information from self-reported history, medical records, and a clinical medical
examination. Participants were also asked to report any medication taken in the last 2 weeks.
Diagnostic algorithms were modified versions of those created for the Women's Health and
Aging Study [20]. The following diseases were assessed: coronary heart disease (angina and
acute myocardial infarction), stroke (and/or transient ischemic attack), hypertension, and
diabetes. Serum creatinine and urinary creatinine from the 24-hour urine collection were
measured using a modified Jaffe method and used to calculate creatinine clearance (CrCL) as
a measure of glomerular filtration rate (GFR)

Based on the results of previous work of this group, 4 inflammatory markers were considered
for this project: interleukin (IL)-6, IL-1 receptor antagonist (IL-1ra), fibrinogen and C-reactive
protein (CRP) [22]. IL-6 and IL-1ra were measured in duplicate by high-sensitivity enzyme-
linked immunoabsorbent assays (BIOSOURCE, Camarillo, Calif). The CVs were 4.5% for
IL-1ra and 7% for IL-6; CRP was measured in duplicate using an enzyme-linked
immunoabsorbent assay and colorimetric competitive immunoassay (interassay CV: 5%).
Plasma fibrinogen levels were automatically determined using a commercially available STA
fibrinogen assay (Diagnostic Stago, Roche Diagnostics, GmbH, Mannheim, Germany)
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according to the Clauss method using a Stago Boerhinger Mannheim Analyzer. The reference
range used by this laboratory is 150 to 400 mg/dL.

Variables are reported as mean values ± standard deviation, median and interquartile range
(Q1-Q3), or percentages. Comparisons across Lp[a] quartiles were performed using ANOVA,
Chi-square test, or Kruskal-Wallis nonparametric test for variables with skewed distribution
[21]. An ordinal score was created that summarizes the intensity of the proinflammatory state
across multiple markers. The score (range 0-4) consisted of the number of inflammatory
markers in the upper tertiles, among the markers previously identified as independent correlates
of ABI, namely, CRP (>4.2 mg/dL), IL-6 (>1.8 pg/mL), IL-1ra (>162.7 pg/mL), fibrinogen
(>376 mg/dL) [22]. Multivariable logistic regression analysis was then used to estimate odds
ratios (OR) and 95% confidence intervals (CI) for the cross-sectional association between Lp
[a] concentration and LL-PAD (ABI <0.9) or LL-PAD defined by more stringent criteria (ABI
<0.7) approximating the median ABI value (0.72) among participants with ABI <0.9.
Covariates hypothesized as potential confounders of the association between plasma Lp[a] and
LL-PAD were progressively added to the initial model. The longitudinal analysis was limited
to 686 participants without prevalent LL-PAD at baseline and with at least one valid ABI
measure over the follow-up. Incident LL-PAD was defined as ABI value <0.9 assessed at either
the year-3 or year-6 clinic visit, in participants with ABI value ≥0.9 at baseline. We used logistic
multivariable analyses to estimate the strength of the association between baseline Lp[a]
categories and the likelihood of incident LL-PAD, adjusting for potential confounders; baseline
ABI was included in the model to account for regression to the mean. To investigate selective
loss to follow-up, we performed a sensitivity analysis in which we included also those who
were lost to follow-up (n=191). Two converse options were examined, assuming that either
those lost to follow-up would all have incident LL-PAD, or that none of them would have such
condition. All analyses were performed using STATA (StataCorp. 2005. Stata Statistical
Software: release 9. College Station, TX: StataCorp LP).

Results
The mean age of participants was 73.7 years (range 60-95 years); 44.0% were men. Median
Lp[a] concentration was 12.4 mg/dl (IQ range 3.5-32.8). No differences in Lp[a] concentration
were found according to age and gender. Prevalence of coronary heart disease and use of lipid
lowering medications were greater among those with the highest Lp[a] concentration.
Participants in the highest Lp[a] quartile had the highest levels of total cholesterol, LDL-C and
HDL-C. No significant differences were found in triglycerides and oxidized LDL-C according
to Lp[a] quartiles (Table 1). Of the inflammatory markers considered, only fibrinogen was
significantly associated to Lp[a] concentration in the univariate analysis; nevertheless, we
found a direct significant association between Lp[a] plasma levels and the ordinal score
summarizing the intensity of the proinflammatory state (Figure 1).

As depicted in figure 2, there was a stepwise increase in the likelihood of prevalent LL-PAD
across quartiles of Lp[a] distribution (p for linear trend = 0.038). The association was stronger
when the analysis was limited to participants with ABI <0.7, a proxy for more severe disease
(n=66, p for linear trend = 0.004), who had higher Lp[a] plasma levels (median 25.7 ml/dl)
than those with ABI 0.7-<0.9 and ABI ≥0.9 (median Lp[a] =11.8 and 12.1 mg/dl, respectively;
Kruskal-wallis test: p =0.005). These findings were confirmed by multivariable logistic
regression analysis estimating the likelihood of prevalent LL-PAD as a function of Lp[a]
distribution (Table 2). After adjustment for age, gender, smoking, and alcohol intake (Model
1), subjects in the highest quartile of the Lp[a] distribution had a two-fold higher probability
of being affected by LL-PAD compared to those in the lowest quartile. Further adjustment for
BMI, LDL-C, HDL-C, diabetes, and hypertension did not modify the association (Model 2),
whereas a mild reduction was observed after adjusting for inflammation score (Model 3), but
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the strength of the association still remained statistically significant. In the analysis limited to
ABI< 0.70, there was a clear dose-response relation across quartiles of Lp[a]. After full
adjustment for potential confounders and compared to subjects in the lowest quartile (model
3), those in the third quartile were more than twice as likely to have LL-PAD, and participants
in the highest quartile had almost a four-fold probability of LL-PAD (OR 3.8 95% CI: 1.5-9.6,
p=0.005). Further adjustment for statin use and estimated creatinine clearance did not modify
the results. No significant interactions between Lp[a] concentration and other cardiovascular
risk factors were observed.

Table 3 summarizes the results of the longitudinal analysis. Over the six-year follow-up there
were 57 new cases of LL-PAD (cumulative incidence 8.3%). Compared to subjects in the
lowest Lp[a] quartile, those in the highest quartile showed an increased, but not statistically
significant, risk of incident LL-PAD (10.8% vs. 7.7 %); after adjustment for potential
confounders and baseline ABI score, the strength of the association was further attenuated.

To investigate whether the longitudinal analysis was affected by selective loss to follow-up,
we performed a sensitivity analysis including the sample of those who did not have ABI
reevaluation over the follow-up. When we classified these latter (n =191) as having no incident
LL-PAD, the OR for the highest compared to the lowest Lp[a] quartile was 1.33 (95% CI
0.63-2.82), after adjustment for age, gender, smoking, alcohol intake, BMI, and ABI score at
baseline. If subjects lost to follow-up were classified in the group with incident LL-PAD the
adjusted OR was 1.21 (95% CI 0.75-1.95).

Discussion
Our findings, in a sample of randomly selected Italian older men and women, showed a
significant cross-sectional association between higher plasma Lp[a] and LL-PAD. In addition,
we found a graded relationbetween Lp[a] concentration and ABI score, suggesting a potential
dose-response relationship with LL-PAD severity. Several traditional cardiovascular risk
factors were associated with Lp[a] levels at baseline; nevertheless, the multivariate analyses
including other lipid parameters, diabetes, hypertension and inflammatory markers, confirmed
the independent association between Lp[a] with prevalent LL-PAD. Conversely, the
longitudinal association between Lp[a] concentration and the risk of incident LL-PAD over
the six-year follow-up was not statistically significant.

Findings from most, but not all [23], previously published cross-sectional reports suggest a
direct correlation between Lp[a] plasma levels and LL-PAD prevalence in different
populations, including African-Americans, Asians and Caucasians [24,25]. Our results extend
these findings, demonstrating a graded association between the level of Lp[a] and the ABI
score, a marker of the vascular disease severity, independent of traditional cardiovascular risk
factors and pro-inflammatory markers, an association rarely addressed in previous studies. In
contrast, the longitudinal analyses did not point out a significant association between baseline
Lp[a] concentration and incident LL-PAD over a 6-year follow-up. Four longitudinal studies
investigated the role of novel risk factors as predictors of LL-PAD and reported conflicting
findings on the role of Lp[a] as a potential risk factor. In a case-control analysis nested in the
Physicians' Health Study, baseline Lp[a] level was not associated with incident symptomatic
LL-PAD during an average 9-year follow-up [4]. Another prospective investigation on 403
patients, showed only a moderate association between Lp[a] and the progression of large-vessel
LL-PAD after adjustment for traditional risk factors and CRP [5]. On the other hand, recent
reports from the Brunek Study and the Women's Health Study showed a borderline relationship
over a 5 and 12.3 year median follow-up, respectively [9,26]. In our study, which was
characterized by a shorter follow-up period, participants in the highest Lp[a] quartile had a
50% increased risk of incident LL-PAD compared to those in the lowest quartile, after
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adjustment for demographic characteristics. However, adjustment for other risk factors and
baseline ABI score further reduced the strength of this association. Although the interpretation
of this finding is difficult, our longitudinal data are in agreement with the results of previous
prospective studies. Overall, our results are inconclusive and suggest that the relationship
between Lp[a] levels and incident LL-PAD should be further investigated.

Despite the fact that our cross-sectional findings were not confirmed in the prospective study,
we believe that a causal relationship between Lp[a] plasma levels and ABI score, a marker of
systemic atherosclerosis, should not be ruled out. Plasma Lp[a] is associated with incident
CHD [1,2] and stroke [Error! Bookmark not defined.,3]. Indeed, different biological
mechanisms, including both atherogenic and thrombogenic activities, support a role of Lp[a]
in the development of atherosclerosis and its clinical complications. Since, Lp[a] levels are
fully expressed in the first year of life, have a strong genetic control, do not vary with age and,
unlike other lipoproteins, are almost unaltered by environmental factors, it seems unlikely that
the robust cross-sectional association identified in the study could be explained by reverse
causality. On the other hand, it is possible that after the exclusion of people with prevalent LL-
PAD, which included a consistent proportion of those with the highest long-life Lp[a]
concentration, a longer follow-up time and a higher incidence of cases might be needed to
detect a significant prospective association with LL-PAD.

The population-based sample, the assessment of several markers of inflammation, and use of
the ABI to measure incident LL-PAD are major strengths of our study. Some evidence suggests
that Lp[a] may act as an acute phase reactant and that Lp[a] plasma levels, like traditional acute
phase proteins, increase after acute clinical events, including myocardial infarction and surgical
operations [27]. Clinical studies reported an association between Lp[a] and inflammatory
biomarkers such as CRP, TNFα, TGF-β, IL-6, and monocyte chemoattractant protein 1 [4,5,
12,22,26]. Furthermore IL-6 may up-regulate the expression of apo[a] gene with consequent
increase of Lp[a] particles concentration [28]. Our findings of a significant association between
plasma Lp[a] concentrations and the number of elevated inflammatory markers, including
CRP, IL-6, fibrinogen, and IL-1 receptor antagonist, are in agreement with these previous
results and suggest that inflammation may represent a partial unifying mechanism; however
multivariable analyses emphasizes a biological link between Lp[a] concentration and LL-PAD
largely independent of inflammation.

Despite these strengths, several limitations deserve consideration. First, 22% of individuals
without prevalent LL-PAD at baseline were not included in the longitudinal analyses because
of missing ABI or because they died over the follow-up time. Given the results of our sensitivity
analysis, a bias due to selective loss to follow-up is unlikely. Nevertheless, the exclusion of
191 individuals, along with a relatively short follow-up time, certainly reduced the statistical
power of the study and the likelihood of finding a significant association between baseline Lp
[a] and the risk of incident LL-PAD. Second, we did not assess apo[a] isoforms. Apo[a] size
isoforms are inversely correlated with Lp[a] concentration[29] and low molecular weight apo
[a] patterns have been reported as independent risk factors for atherosclerosis [Error!
Bookmark not defined.]. Therefore, evaluation of apo[a] genotype would have allowed a
better understanding of the biological relationship of Lp[a] and LL-PAD. Finally, we analyzed
the association between Lp[a] and LL-PAD incidence using a single assessment of Lp[a] at
baseline, which may lead to misclassification of the usual plasma Lp[a] of some participants,
although the primarily genetic influence on Lp[a] levels makes its determination rather stable
over time.
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Figure 1.
Box-plots showing unadjusted baseline lipoprotein[a] concentration according to
inflammatory score.
Footnote. The central box extends from the 25th to the 75th percentile; the line within the box
represents the median value; points outside the lines are the “outliers.” P from Kruskal-Wallis
nonparametric test for variables with skewed distribution. Inflammatory markers considered
in the inflammatory score are: CRP (>4.2 mg/dL), IL-6 (>1.8 pg/mL), IL-1ra (>162.7 pg/mL),
fibrinogen (>376 mg/dL).
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Figure 2.
Crude proportion of participants with prevalent peripheral arterial disease according to baseline
lipoprotein[a] distribution and Ankle-Brachial Index score.

Volpato et al. Page 10

Am J Cardiol. Author manuscript; available in PMC 2011 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Volpato et al. Page 11

Ta
bl

e 
1

Se
le

ct
ed

 g
en

er
al

 a
nd

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s o

f t
he

 st
ud

y 
sa

m
pl

e 
ac

co
rd

in
g 

to
 L

ip
op

ro
te

in
[a

] q
ua

rti
le

s (
N

=1
00

2)
.

C
ha

ra
ct

er
is

tic
s

L
ip

op
ro

te
in

[a
] q

ua
rt

ile
s (

ra
ng

e,
 m

g/
dl

)

V
ar

ia
bl

es
I

(0
-3

.5
)

(N
=2

51
)

II
(3

.6
-1

2.
3)

(N
=2

50
)

II
I

(1
2.

4-
32

.8
)

(N
=2

49
)

IV
(3

2.
9-

17
5.

9)
(N

=2
52

)

P*

A
ge

 (m
ea

n±
SD

) (
Y

ea
rs

)
74

.0
±7

.3
74

.1
±7

.6
73

.3
±6

.7
74

.3
±7

.2
.4

32

M
en

43
.8

%
44

.8
%

43
.0

%
44

.4
%

.9
78

Sm
ok

er
s

 
Fo

rm
er

30
.5

%
27

.1
%

24
.5

%
26

.2
%

 
C

ur
re

nt
15

.1
%

13
.2

%
15

.7
%

13
.1

%
.7

87

A
lc

oh
ol

 c
on

su
m

pt
io

n 
(g

/d
ay

)

 
0-

20
47

.0
%

44
.0

%
47

.0
%

46
.0

%

 
>2

0
24

.7
%

28
.8

%
25

.4
%

25
.2

%
.9

72

Ph
ys

ic
al

 a
ct

iv
ity

 le
ve

l s
ca

le
[1

-7
, 7

=b
es

t],
 (m

ea
n±

SD
)

3.
2 

±0
.9

8
3.

2±
0.

95
3.

3±
0.

88
3.

2±
1.

02
.5

16

B
od

y 
M

as
s I

nd
ex

 (K
g/

m
2 ,m

ea
n±

SD
 )

27
.2

±4
.0

27
.8

±4
.0

27
.4

±4
.2

27
.6

±3
.8

.2
93

H
yp

er
te

ns
io

n
62

.2
%

60
.0

%
62

.7
%

62
.3

%
.9

28

Po
si

tiv
e 

R
os

e 
Q

ue
st

io
nn

ai
re

14
.4

%
24

.4
%

28
.9

%
32

.2
%

.0
80

D
ia

be
te

s m
el

lit
us

13
.9

%
11

.6
%

12
.1

%
9.

9%
.5

78

C
or

on
ar

y 
H

ea
rt 

D
is

ea
se

 (A
ng

in
a 

or
 m

yo
ca

rd
ia

l
in

fa
rc

tio
n)

8.
0%

8.
8%

10
.8

%
15

.1
%

.0
46

St
ro

ke
 o

r T
ra

ns
ie

nt
 Is

ch
em

ic
 A

tta
ck

 (%
)

7.
2%

4.
8%

6.
4%

7.
9%

.5
33

St
at

in
s t

he
ra

py
0.

4%
2.

0%
3.

6%
7.

9%
<.

00
1

To
ta

l C
ho

le
st

er
ol

 (m
g/

dl
, m

ea
n±

SD
)

21
5.

3±
41

.4
21

5.
3±

38
.4

21
7.

6±
36

.6
22

7.
0±

38
.2

.0
01

5

Lo
w

-d
en

si
ty

 li
po

pr
ot

ei
n-

ch
ol

es
te

ro
l (

m
g/

dl
,

m
ea

n±
SD

)
13

2.
6±

36
.7

13
5.

0±
33

.2
13

7.
3±

31
.3

14
4.

2±
32

.7
<.

00
1

H
ig

h-
de

ns
ity

 li
po

pr
ot

ei
n-

ch
ol

es
te

ro
l (

m
g/

dl
,

m
ea

n±
SD

)
56

.3
±1

6.
7

54
.1

±1
4.

2
55

.0
±1

4.
4

57
.8

±1
4.

3
.0

29

O
xi

di
ze

d 
lo

w
-d

en
si

ty
 li

po
pr

ot
ei

n-
ch

ol
es

te
ro

l (
U

/l,
m

ea
n±

SD
)

41
.4

±1
3.

3
42

.9
±1

2.
6

42
.7

±1
1.

8
42

.9
±1

2.
9

.4
35

Tr
ig

ly
ce

rid
es

 (m
g/

dl
, m

ed
ia

n-
iq

r)
10

5(
81

-1
61

)
11

7(
84

-1
61

)
11

2(
85

-1
48

)
10

8(
88

-1
46

)
.7

09

C
re

at
in

in
e 

cl
ea

ra
nc

e 
(m

L/
m

in
)

77
.5

±2
7.

1
78

.8
±2

5.
8

76
.9

±2
5.

2
75

.2
±2

4.
9

.4
87

H
ig

h 
se

ns
iti

vi
ty

-C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(μ
g/

m
l, 

m
ed

ia
n-

iq
r)

2.
44

(1
.1

1-
4.

92
)

2.
36

 (1
.2

7-
5.

51
)

2.
82

 (1
.3

6-
5.

83
)

2.
99

 (1
.5

3-
5.

57
)

.1
51

Am J Cardiol. Author manuscript; available in PMC 2011 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Volpato et al. Page 12

C
ha

ra
ct

er
is

tic
s

L
ip

op
ro

te
in

[a
] q

ua
rt

ile
s (

ra
ng

e,
 m

g/
dl

)

V
ar

ia
bl

es
I

(0
-3

.5
)

(N
=2

51
)

II
(3

.6
-1

2.
3)

(N
=2

50
)

II
I

(1
2.

4-
32

.8
)

(N
=2

49
)

IV
(3

2.
9-

17
5.

9)
(N

=2
52

)

P*

In
te

rle
uk

in
-6

 (p
g/

m
l, 

m
ed

ia
n-

iq
r)

1.
38

 (0
.7

8-
2.

01
)

1.
47

 (0
.8

8-
2.

36
)

1.
44

 (0
.8

4-
2.

09
)

1.
38

 (0
.8

6-
2.

27
)

.6
29

Fi
br

in
og

en
 (m

g/
dl

, m
ed

ia
n-

iq
r)

34
5 

(3
08

-3
90

)
34

0 
(3

02
-3

90
)

34
5 

(3
12

-3
95

)
36

0 
(3

18
-4

13
)

.0
07

In
te

rle
uk

in
-1

 re
ce

pt
or

 a
nt

ag
on

is
t (

pg
/m

l, 
m

ed
ia

n-
iq

r)
12

7(
95

-1
75

)
13

6 
(1

01
-1

92
)

13
7 

(9
3-

19
0)

13
4 

(9
5-

18
0)

.4
72

H
om

oc
ys

te
in

e 
(μ

m
ol

/L
, m

ed
ia

-iq
r)

14
.8

 (1
2.

2-
17

.5
)

14
.6

 (1
2.

0-
17

.3
)

14
.4

 (1
1.

9-
17

.9
)

13
.5

 (1
1.

7-
16

.5
)

.1
76

Es
tim

at
ed

 c
re

at
in

in
e 

cl
ea

ra
nc

e 
(m

l/m
in

, m
ea

n±
SD

)
64

.9
 ±

20
.8

65
.6

 ±
19

.1
64

.4
 ±

18
.4

63
.9

 ±
18

.3
.7

84

* P 
va

lu
e 

fr
om

 A
N

O
V

A
, C

hi
-s

qu
ar

e 
te

st
, o

r K
ru

sk
al

-W
al

lis
 n

on
pa

ra
m

et
ric

 te
st

 fo
r v

ar
ia

bl
es

 w
ith

 sk
ew

ed
 d

is
tri

bu
tio

n

Am J Cardiol. Author manuscript; available in PMC 2011 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Volpato et al. Page 13

Ta
bl

e 
2

A
dj

us
te

d 
O

dd
s R

at
io

 a
nd

 9
5%

 C
on

fid
en

ce
 In

te
rv

al
s f

or
 p

re
va

le
nt

 L
ow

er
-li

m
b 

Pe
rip

he
ra

l A
rte

ry
 D

is
ea

se
 b

y 
lip

op
ro

te
in

[a
] q

ua
rti

le
s a

cc
or

di
ng

 to
 A

nk
le

B
ra

ch
ia

l I
nd

ex
 sc

or
e

A
B

I<
0.

90
(n

. 1
25

)
A

B
I<

0.
70

(n
. 6

6)

O
dd

s R
at

io
 (9

5%
 C

I)
O

dd
s R

at
io

 (9
5%

 C
I)

L
p[

a]
 q

ua
rt

ile
s:

(r
an

ge
, m

g/
dl

)
N

n
M

od
el

 1
M

od
el

 2
M

od
el

 3
n

M
od

el
 1

M
od

el
 2

M
od

el
 3

0-
3.

5
25

1
25

1
1

1
8

1
1

1

3.
6-

12
.3

25
0

30
1.

33
(0

.7
3-

2.
41

)
1.

32
(0

.7
1-

2.
44

)
1.

27
(0

.6
8-

2.
38

)
16

1.
39

(0
.5

2-
3.

71
)

1.
65

(0
.6

0-
4.

57
)

1.
53

(0
.5

5-
4.

30
)

12
.4

-3
2.

8
24

9
28

1.
34

(0
.7

3-
2.

46
)

1.
33

(0
.7

2-
2.

47
)

1.
25

(0
.6

7-
2.

34
)

20
2.

47
(1

.0
0-

6.
12

)
2.

64
(1

.0
4-

6.
71

)
2.

41
(0

.9
4-

6.
21

)

32
.9

-1
75

.9
25

2
42

2.
05

(1
.1

6-
3.

62
)

2.
00

(1
.1

1-
3.

61
)

1.
83

(1
.0

1-
3.

33
)

22
3.

39
(1

.4
2-

8.
09

)
4.

11
(1

.6
5-

10
.3

)
3.

80
(1

.5
0-

9.
64

)

P 
fo

r t
re

nd
0.

01
6

0.
02

4
0.

05
5

0.
00

2
0.

00
1

0.
00

2

M
od

el
 1

: a
dj

us
te

d 
fo

r a
ge

, g
en

de
r, 

sm
ok

in
g,

 a
nd

 a
lc

oh
ol

 in
ta

ke

M
od

el
 2

: a
dd

iti
on

al
 a

dj
us

tm
en

t f
or

 B
M

I, 
lip

id
 p

ar
am

et
er

s (
LD

L-
C

, H
D

L-
C

), 
di

ab
et

es
, a

nd
 h

yp
er

te
ns

io
n

M
od

el
 3

: a
dd

iti
on

al
 a

dj
us

tm
en

t f
or

 in
fla

m
m

at
io

n 
sc

or
e

Am J Cardiol. Author manuscript; available in PMC 2011 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Volpato et al. Page 14

Table 3

Adjusted Odds Ratio and 95% Confidence Intervals for incident Lower limb Peripheral Artery Disease, according
to lipoprotein[a] quartiles in 686 people with Ankle-brachial index ≥0.9 at baseline and at least 1 ankle-brachial
index assessment over the six years of follow-up

Peripheral Arterial Disease (ABI<0.90)

Lp[a] quartiles: (range, mg/dl) Odds Ratio (95% CI)

Model 1 Model 2

Number
of

patients

(0-3.5) 181 14 (7.7%) 1 1

(3.6-12.3) 170 13 (7.7%) 0.98 (0.44-2.22) 0.89 (0.38-2.10)

(12.4-32.8) 169 12 (7.1%) 0.95 (0.43-2.17) 0.75 (0.31-1.80)

(32.9-175.9) 166 18 (10.8%) 1.52 (0.71-3.22) 1.22 (0.54-2.74)

Model 1: adjusted for age, gender, smoking, and alcohol intake

Model 2: additional adjustment for BMI, LDL-C, HDL-C, diabetes, hypertension, inflammation score, and ABI score at baseline.
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