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Abstract
Background: Circulating lipoprotein(a) [Lp(a)] and arterial stiffness are markers associated
with the atherosclerotic processes. With regard to cardiovascular outcomes, the relationship
between Lp(a) and arterial stiffness has not been sufficiently summarized. The present review
focuses on the existing association between Lp(a) and arterial stiffness parameters. Summary: This review included human clinical studies that were published between 1980 and 2015.
The metrics of arterial stiffness parameters, ‘pulse wave velocity’ (PWV) and ‘cardio-ankle
vascular index’ (CAVI), were used for this search, which yielded only 4 cross-sectional studies
on this topic. Of these 4 studies, 3 reports were based on the use of PWV, while 1 study was
based on the use of CAVI. Three studies (including the study using CAVI) reported that high
Lp(a) levels were positively associated with arterial stiffness. Conclusion: The present review
indicates a positive association between Lp(a) and arterial stiffness, as assessed by PWV and
CAVI. To definitively establish these findings, there is a need for further prospective outcome
studies that simultaneously measure Lp(a) and the oxidative form of Lp(a) (as a pathological
© 2015 S. Karger AG, Basel
marker) as well as PWV and CAVI.
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Lipoprotein(a) [Lp(a)] consists of a low-density lipoprotein (LDL)-like particle attached
to apolipoprotein(a) [apo(a)]. Lp(a) exerts a unique atherothrombotic mode due to its
LDL-like property and structural homology with plasminogen [1]. As a specific feature of
Lp(a), its blood concentration is genetically determined by the LPA gene responsible for the
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encoding of apo(a) [1]. The apo(a) isoform size distribution and Lp(a) levels are both recognized as markers of future events of cardiovascular disease (CVD) [2–4].
The structural and physiological changes in the arteries, as expressed by arterial stiffness,
are known to be associated with CVD events [5]. Because lipoprotein metabolism is generally
considered to be associated with arterial changes, it would be of great interest to know how
and to what extent the arterial stiffness conditions are associated with CVD events in relation
to Lp(a). With regard to metrics, pulse wave velocity (PWV) is a useful tool to evaluate arterial
stiffness by measuring the pulse transit time and the distance travelled between the investigated arterial sites [6]. The PWV level reflects abnormal vascular tone, thickening of the
smooth muscle, and alterations in blood viscosity [6]. Thus, PWV is reported to be a marker
of future CVD events [7, 8].
Recently, the cardio-ankle vascular index (CAVI) has been used as a new metric of arterial
stiffness [9]. The CAVI level differs from standard PWV in that it reflects functional arterial
stiffness, without depending on blood pressure (BP) changes during the time of measurement
[10, 11]. The aim of the present review is to summarize the possible association between
Lp(a) and arterial stiffness as measured by PWV or CAVI.
Review Process

An English language search of PubMed/Medline and the Cochrane Library was conducted
to identify reports published between 1980 and 2015. The following terms were used:
lipoprotein(a), Lp(a), arterial stiffness, pulse wave velocity, PWV, cardio-ankle vascular index,
and CAVI. The Medical Subject Headings (MeSH) key terms included vascular calcification,
arteriosclerosis, pulse wave analysis, and cardiovascular disease. Only human clinical studies
that focused on the association between Lp(a) and arterial stiffness levels were included in
the review. Articles describing original investigations were also included, while editorials and
letters were excluded.
For this search, the first step was performed with the combination of the following
keywords: lipoprotein(a) or Lp(a), and pulse wave velocity or PWV. At the next step, an alternative definition of the cardio-ankle vascular index or CAVI was used instead of pulse wave
velocity or PWV. At the final step, the following keywords were used: lipoprotein(a) or Lp(a),
and arterial stiffness.

Our search of the literature only identified 4 articles discussing this topic [11–14]. A
summary of these articles is listed in table 1. All articles were reports from Japan [11–14], and
all studies used a cross-sectional design [11–14]. Three reports were based on the use of PWV
(brachial-ankle type [12, 13] or aortic type [14]), while CAVI was applied in only 1 study [11].
All of the reports included patients with pathologic conditions, such as hypertension [11, 13]
and diabetes [12, 14]. The levels of Lp(a) were estimated using two techniques: an enzymelinked immunosorbent assay [11–13] or the latex agglutination method [14].
We noted that there was basically a positive association between Lp(a) and arterial
stiffness levels as measured by PWV and CAVI. Only 1 article, which concerned patients with
nonproliferative diabetic retinopathy, did not report a significant association between Lp(a)
and PWV [12]. The microvascular pathology of nonproliferative diabetic retinopathy might
partly explain this result as PWV is a macrovascular marker and cannot properly reflect
microvascular pathologies [12].
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Table 1. Summary of the association between Lp(a) and arterial stiffness parameters
Reference, country

Design

Subject
disease

Patients

72

Mean age,
years

Mean/median
Lp(a), mg/dl

64.3

5.0

Association with Lp(a)
PWV

Kotani [11], 2013,
Japan

crosssectional

hypertension
(female)

Funatsu [12], 2009,
Japan

crosssectional

nonproliferative
106
diabetic retinopathy

57.2

18.6

baPWV = 18.5 m/s
(insignificant data)

Morishita [13], 2009, crossJapan
sectional

hypertension

69

about 65

ND

baPWV; ND
(positive
association)

Wakabayashi [14],
2006, Japan

diabetes

97

71

16.5

aortic PWV =
11.1 m/s (positive
association)

crosssectional

CAVI
CAVI = 8.2
(positive
association)

ba = Brachial-ankle; ND = no data described.

The present review indicated a positive association between Lp(a) and the arterial
stiffness levels as assessed by PWV and CAVI. Lp(a) and arterial stiffness are predictive of CVD
events [2–5, 7, 8]; therefore, a high Lp(a) level can be involved in CVD events through an association with arterial stiffness, although more evidence is necessary for establishing the
finding. On the other hand, since this relationship has only rarely been summarized up to
date, this review is valuable for confirming our existing knowledge.
Lp(a) is known to exert atherothrombotic effects due to its LDL-like property and structural homology with plasminogen [1]. In particular, like LDL, Lp(a) invades the vascular wall,
leading to inflammatory and oxidative reactions [15, 16]. Of note, Lp(a) is a cargo carrier for
oxidized phospholipids [17], which can promote the progression of atherosclerosis by mediating macrophage apoptosis and foam cell formation, inducing vascular inflammation [18].
Lp(a) also binds to monocyte chemoattractant protein-1, an inflammation-related molecule
[19]. Induced monocyte trafficking in the vascular wall activates an inflammatory reaction.
These arterial conditions inhibit the process of reverse cholesterol transport and then
aggravate lipid accumulation in the arterial wall [20]. Lp(a) also inhibits fibrin clot lysis,
leading to vascular thrombotic damage [21]. These findings would account for the positive
association that was observed between Lp(a) and arterial stiffness in the present review.
Recently, there have been advances in the measurement of arterial stiffness. The clinical
importance of CAVI has been shown in various ethnic populations [22, 23] and in disease
conditions including hypertension [24], diabetes [25], coronary disease [26], and stroke [27].
A specific feature of the CAVI metric is its nondependence on BP changes during the time of
measurement [9, 10]. Thus, the study results based on CAVI [11] seem to further strengthen
the finding of a positive association between Lp(a) and arterial stiffness.
Given the importance of oxidized phospholipids in Lp(a), the measurement of Lp(a)related markers has been considered [11, 13]. We have developed a measurement for a form
of Lp(a) that is modified by oxidation, termed ‘oxidized Lp(a)’ [oxLp(a)] [11]. Although the
determination of Lp(a) is predominantly genetic [Lp(a) levels are generally unchanged by
common environmental factors] [1, 28], Lp(a) is modified, and, thus, oxLp(a) provides a more
relevant reflection of the ongoing pathologic conditions [11]. The accumulation of Lp(a) and
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oxLp(a) in plaques has been observed to differ in specific immune expression studies [16],
and oxLp(a) has been shown to have a stronger positive correlation with PWV and carotid or
coronary atherosclerosis than native Lp(a) [13, 29]. Of interest, the positive correlation
between oxLp(a) and CAVI was also stronger than that between Lp(a) and CAVI [11]. The
association between oxLp(a) and arterial stiffness, in association with the CVD outcomes,
should be further investigated in the future.
Limitations and Perspectives

There are several limitations associated with the studies that we reviewed. The search
criteria yielded a limited number of human clinical studies, and the selected studies were
conducted with a relatively small sample size. These studies were based on the cross-sectional
design; that is, there were no longer-term prospective cohort studies with CVD outcomes. As
arterial stiffness is affected by multiple CVD-related factors, the multivariate adjustment
must be made to show the results. Although the adjustment was used in most of the studies
[11, 12, 14], the adjusted factors might not always be perfect (i.e., age and systolic BP [11];
not described in detail [12]; age, gender, diabetic retinopathy, and lipid-lowering drug use
[14]). Moreover, while there are known differences in the sizes of apo(a) isoforms and CAVI
levels of different ethnic groups [22, 23, 30], there have been no interethnic studies on this
topic. Additionally, there are no specific pharmacological interventions available to achieve
the independent lowering of Lp(a), although promising therapies, such as proprotein convertase subtilisin/kexin type 9 and cholesteryl ester transfer protein inhibitors, which can
reduce the Lp(a) level [31, 32], have recently emerged. To date, there are no intervention
studies determining the specific effects of the lowering of Lp(a) on the arterial stiffness
parameters. These limitations should be addressed in future studies.
Conclusions

In summary, from the findings of the present review, a high Lp(a) level could be found to
be associated with arterial stiffness as assessed by PWV and CAVI. To establish the finding
definitively, prospective outcome studies are further needed, which simultaneously measure
Lp(a) and the oxidative form of Lp(a) (as a pathological marker) as well as PWV and CAVI.
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