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Dyslipidemia is associated with increased arterial stiffness (AS) which may lead to hypertension. Among the methods to assess AS
are carotid-femoral and brachial-ankle pulse wave velocity. Dyslipidemia is also known to trigger inflammation. C-reactive protein
(CRP) is one of the commonest inflammatory markers measured in the clinical setting. However, the association between
inflammation and pulse wave velocity (PWV) in people with dyslipidemia is less studied. Therefore, this review investigated the
association between inflammation (as measured by CRP) and PWV in dyslipidemia patients. The search of the literature was
conducted via PubMed and Scopus database. The keywords used were “aortic stiffness” OR “arterial stiffness” OR “pulse wave
velocity” OR “vascular stiffness” OR “carotid femoral pulse wave velocity” OR “pulse wave analysis” AND “inflammation” OR
“c reactive protein” OR “c-reactive protein” OR “high sensitivity c reactive protein” AND “dyslipidemia” OR “hyperlipidemia”
OR “hypercholesterolemia” OR “hyperlipoproteinemia” OR “hypertriglyceridemia”. The following criteria were used: (1) only
full-length original articles published in English language, (2) articles that reported the association between arterial stiffness
measured as carotid-femoral PWV (cfPWV) or brachial-ankle PWV (baPWV) and CRP or high-sensitivity CRP, and (3) study
involving human subjects. The search identified 957 articles published between 1980 and February 2020. Only eight articles
fulfilled the inclusion criteria and were used for data extraction. Five of the studies were cross-sectional studies while another
three studies were interventional studies. Seven out of eight papers found a significant positive association between AS and CRP,
and the correlation ranged from mild to moderate association (Pearson r = 0:33 to r = 0:624). In conclusion, inflammation is
associated with increased PWV in patients with dyslipidemia. This supports the involvement of inflammation in the
development of AS in dyslipidemia.

1. Introduction

Coronary heart disease (CHD) is the leading cause of mortal-
ity worldwide. Based on the National Health and Nutrition
Examination Survey (NHANES) 2013 to 2016 data, the
prevalence of cardiovascular diseases (CVD) (comprising of
CHD, heart failure, stroke, and hypertension) in adults ≥ 20
years of age in the United States was 48.0% overall (121.5 mil-
lion in 2016) and increases with advancing age in both males
and females [1]. In 2017, the main cause of death in Malaysia

was ischaemic heart diseases (IHD) with a percentage of
13.9% and this increased to 15.6% in 2018 [2]. In 2018,
IHD remained as the principal causes of death for males
(17.8%). For females, pneumonia remained as the principal
causes of death at 12.8 percent, followed by IHD (12.2%). In
2018, IHD was also the principal cause of death in the urban
areas (15.9%) and in the rural areas (15.0%) of Malaysia [2].
Dyslipidemia, which is an alteration of any lipid components
in the blood, is one of the major risk factors of IHD. It was
reported that the prevalence of hypercholesterolemia in
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Malaysia was 47.7% in 2015 [3]. Hypercholesterolemia leads
to the development of atherosclerosis and CHD that can be
detected by coronary angiogram or coronary calcium score
(CT scan).

Among the general and hypertensive population, it was
observed that lipid level has a positive association with blood
pressure [4]. Studies have also found at least one lipid abnor-
mality in most newly diagnosed hypertensive patients [5].
Such association may be due to sharing similar root of causes,
or just a simple coexistence of two major CVD risk factors
[6]. Another possible explanation is that dyslipidemia may
induce hypertension (HTN) but the mechanism is poorly
understood. Most of the available data suggest the probable
positive relationship between arterial stiffness (AS) and
cholesterol [7].

AS is represented as central vascular stiffness or periph-
eral vascular stiffness. Central vascular stiffness is also known
as aortic stiffness. There are several methods to measure
aortic stiffness, but the gold standard is carotid-femoral pulse
wave velocity (cfPWV) [8]. cfPWV signifies the speed of the
pressure waves that travel from the aorta to the femoral
artery, and the unit is m/s. Measurement of aortic stiffness
improves risk prediction of CVD [9]. Another marker of
arterial stiffness is brachial-ankle pulse wave velocity
(baPWV) which is a measure of aortic stiffness and periph-
eral AS [10]. baPWV is associated with other major CVD risk
factors and may predict the risk of future CVD [11, 12].

Previous studies found that people with dyslipidemia had
increased aortic stiffness and lipid parameters had a signifi-
cant association with aortic distensibility. A study by Vallée
et al. [13] found that non-high-density lipoprotein choles-
terol (HDL-C), total cholesterol (TC), and TC/HDL-C were
significantly associated with aortic stiffness. It was found that
arterial stiffness increases in dyslipidemia. Besides, dyslipid-
emia was associated with higher pulse wave velocity (PWV)
in young subjects and the elderly [14, 15].

Increased AS may be related to increased inflammation
[16]. Dyslipidemia causes increased inflammation which
may act as a mechanism towards increased AS [17]. How-
ever, previous studies are far from conclusive and interpreta-
tion is hampered by the use of multiple different techniques,
indices, and small sample sizes. Hence, the objective of this
review is to identify relevant studies focusing on the associa-
tion between inflammation and PWV in people with dyslip-
idemia. Unravelling the link between inflammation and
PWV in dyslipidemia will lead to a better understanding on
the mechanism of AS and HTN in dyslipidemia patients. In
this review, we focused on the commonest inflammatory
markers that are measured clinically which are C-reactive
protein (CRP) and high-sensitivity CRP (hs-CRP).

2. Materials and Methods

This study is aimed at identifying previous studies that inves-
tigated the association between PWV and inflammation in
people with dyslipidemia. The literature search was con-
ducted between November 2019 and February 2020 from
two online databases, namely, PubMed and Scopus. The
following keywords were used as search strategy: (“aortic

stiffness”) OR (“arterial stiffness”) OR (“pulse wave velocity”)
OR (“vascular stiffness”) OR (“carotid femoral pulse wave
velocity”) OR (“pulse wave analysis”) AND (“inflammation”)
OR (“c reactive protein”) OR (“c-reactive protein”) OR
(“high sensitivity c reactive protein”) AND (“dyslipidemia”)
OR (“hyperlipidemia”) OR (“hypercholesterolemia”) OR
(“hyperlipoproteinemia”) OR (“hypertriglyceridemia”).

2.1. Study Inclusion and Exclusion Criteria. The articles that
were retrieved from the database following the keywords
were reviewed independently by two authors (A.A. and
A.U.) based on the following criteria: (1) only full-length
original articles published in English language, (2) articles
that reported the association between aortic stiffness mea-
sured as carotid-femoral pulse wave velocity (cfPWV) or
brachial-ankle pulse wave velocity (baPWV) and C-reactive
protein (CRP) or high-sensitivity CRP, and (3) study involv-
ing human subjects.

2.2. Article Screening. In this study, the screening of the arti-
cles was conducted in three steps. Firstly, the articles were
excluded based solely on the title. Secondly, the articles that
were not relevant to the association between arterial stiffness
and CRP among dyslipidemia subjects were excluded by
reading through the abstracts. Finally, the remaining articles
that did not match the inclusion criteria were excluded by
reading the full text thoroughly. The study design, age and
sex of the subjects, types of treatment, method of measure-
ment, results, and references of each study were recorded.

3. Results

A total of 957 articles were retrieved from two online data-
bases, of which 141 articles were from PubMed and 816
articles were from Scopus. The articles were published
between 1980 and February 2020. Thirty-two articles were
removed due to duplication. After reviewing the titles and
abstracts, 902 articles were excluded. The full-length articles
for the remaining articles (23 articles) were obtained and
were reviewed thoroughly. From these 23 articles, only eight
studies were included in this review. The process of article
selection is shown in Figure 1.

Table 1 summarised all the eight studies that were
included in this review. The details of all the parameters’
value are included in Table 2. From eight studies, four studies
measured AS using cfPWV [18–21] while another four
studies measured baPWV [22–25]. Five studies were cross-
sectional studies [18, 20, 21, 24, 25], and the other three were
interventional studies [19, 22, 23]. For the interventional
studies, two trials involved drug treatment while another
one involved dietary intervention. Measurement of PWV
was conducted before and after the intervention. The studies
mostly involved middle-aged and older subjects with dyslip-
idemia. Their mean BP were within the normal value (SBP
range between 114mmHg and 136mmHg and DBP range:
61-78mmHg) (Table 2).

In terms of whether the subjects were on drug therapy or
not, from total eight studies, three studies involved subjects
on drug treatment [18, 22, 23], one study involved diet
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modification [19], two studies involved subjects with and
without medications [21, 25], and another two studies were
not taking any medication [20, 24] (Table 1). None of the
subjects was taking anti-inflammatory agents.

Most of the studies found that hs-CRP correlated with
arterial stiffness as measured by either cfPWV or baPWV.
For a cross-sectional study, studies by Scicali et al. [18], Pirro
et al. [20], Cheng et al. [24], and Wang et al. [25] found that
hs-CRP was positively correlated with PWV in dyslipidemia
patients. The association ranged frommild (Pearson r ranged
between 0.1 and 0.3) to moderate (Pearson r/Spearman’s rho
ranged between 0.4 and 0.6) association. Only one study did
not observe a significant association between aortic stiffness
and CRP [21]. For the interventional study, Pirro et al. [19]
showed that eight weeks low-fat diet was able to reduce
baPWV and this reduction was associated with a reduction
in plasma CRP (r = 0:59, β = 0:38, P < 0:05 for both). In
another study, Hongo et al. [22] found that among dyslipid-
emia subjects who had no history of coronary artery disease
(CAD) or stroke but had more than three major cardiovascu-
lar risk factors, treatment with either rosuvastatin or fluvasta-
tin for 12 months was able to reduce baPWV. This reduction
was significantly associated with a reduction in hs-CRP
(r = 0:36 and r = 0:33, P < 0:05 for both). A similar author
also found that treatment of patients with CAD and dyslipid-
emia with fluvastatin for five years reduced baPWV. The
reduction in baPWV correlated with a reduction in hs-CRP

(r = 0:49, P < 0:001) [23]. From eight studies, only one study
had further analyzed the effects of a combination of dyslipid-
emia and increased inflammation and dyslipidemia without
increased inflammation towards aortic stiffness [24] (data
not shown). They found that those with dyslipidemia and
increased inflammation had significantly higher AS when
compared to dyslipidemia without increased inflammation.

From eight studies, only seven studies reported both the
associations between PWV and CRP and PWV and lipid
level [19–25]. From seven studies, three studies found that
both CRP and lipid were associated with PWV [20, 24, 25].
From these three studies, two studies found that the associa-
tion between PWV and CRP were stronger than PWV and
lipid level [24, 25].

We also look into the difference in brachial BP between
the subjects with dyslipidemia and the healthy controls in
the studies included. There were four studies that can be used
for the BP comparison since the studies also involved healthy
controls. All the four studies observed no difference in bra-
chial BP between the groups [19–21, 24].

4. Discussion

This review found that most of the studies observed that
inflammation is associated with increased PWV in dyslipid-
emia. This might explain the role of inflammation in inducing
AS among the dyslipidemia patients which may lead to

Records were excluded due to review
article, not English language,

no abstract available, not original
paper, and no relevance to
association between PWV

and CRP among dyslipidemia
subjects.
(n = 902)

Records identified through
database searching,
PubMed (n = 141)

Records identified through
database searching,

Scopus (n = 816)

Records after duplicates removed
(n = 32)

Records screened
(n = 925)

Full-text articles assessed for
eligibility
(n = 23)

Studies included in
qualitative synthesis

(n = 8)

Records were excluded due to other
methods besides carotid femoral
PWV and brachial ankle PWV,

not involving dyslipidemic patient,
and no association mentioned.

(n = 15)

Figure 1: Flowchart of selection of the related articles.
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hypertension. The arterial wall contains collagen fibres that
provide tensile strength against the high pressure from the
blood ejected by the heart, as well as elastin fibres that give
the wall elastic behaviour to accommodate the blood volume.
During systole, a greater volume of blood from the heart enters
the arteries than flowing into the arterioles since arterioles
have higher resistance compared to arteries. In order to store
the excessive blood volume, the arteries expand due to its elas-
ticity. During diastole, the stretched arterial wall passively
recoils and exerts pressure to the blood. This pushes the blood
downstream and provides continuous blood flow to the organ
during diastole [26]. Damage to the collagen and elastin fibres
leads to arterial stiffness whereby the artery losses its elasticity.
This leads to an increase in systolic and diastolic blood pres-
sure and pulsatile afterload which promote left ventricular
remodeling, dysfunction, and failure [27].

In this review, we found that there was no difference in
terms of brachial blood pressure between subjects with dys-
lipidemia and the healthy controls. We were not sure why
this occurs since previous studies suggest a positive correla-
tion between dyslipidemia and increased BP [28]. The values
of aortic stiffness were also increased in those studies (except
study by Cheng et al. [24]) which suggest that there was
already vascular dysfunction. One mechanism that may be
involved is that dyslipidemia may compromise the central
artery first (as evidence by increased aortic stiffness) com-
pared to the peripheral artery. This may lead to a change in
aortic blood pressure [29] and spared the brachial BP. The
subjects involved may be at the early phase of dyslipidemia
since they were newly diagnosed and the majority of the cases
were still not on medication.

Previous studies found that dyslipidemia was closely
related to inflammation. For example, patients with dyslipid-
emia had a higher level of inflammatory markers compared
to normal controls [30–33]. In diabetic patients, inflamma-
tory markers were significantly associated with lipid parame-
ters [34]. Inflammation was also associated with dietary
cholesterol intake as observed in 8105 individuals without
CVD. In the study, dietary food and beverage history was
obtained via 24h diet recall [35]. Another study involving
17689 participants also showed that hs-CRP concentration
was modulated by dietary fatty acid intake [36]. Meanwhile,
treatment with simvastatin was able to reduce the LDL-C
level and subclinical inflammation [37].

There are several mechanisms that link dyslipidemia and
inflammation. LDL-C and inflammation are involved in the
pathogenesis of atherosclerosis. LDL-C enters the vascular
intimal layer and triggers inflammation once it becomes oxi-
dized. The induction of proinflammatory conditions is medi-
ated via lectin-like oxidized LDL-C receptor-1 (LOX-1) [38].
This leads to increased expression of adhesion molecules
such as vascular cell adhesion molecules 1 (VCAM-1), inter-
cellular adhesion molecule 1 (ICAM-1), chemokines, and
growth factors such as macrophage colony-stimulating fac-
tors (M-CSF) from the endothelial cells and vascular smooth
muscle cells that attract monocytes and inflammatory cells to
the area. Monocytes differentiate into macrophage and
induce further inflammation via the secretion of interleukin-
(IL-) 1β, tumour necrosis factor-alpha (TNF-α), IL-1, IL-6,

IL-12, IL-15, and IL-18 [39]. The role of inflammation in
the pathogenesis of atherosclerosis has been reviewed by
several authors recently [40, 41].

The involvement of inflammation in AS had been shown
in previous studies [16, 42, 43]. This can be divided into
acute effect (alteration in function) and chronic effect (alter-
ation in structure) [16]. Acute effect of inflammation towards
AS is mainly due to alteration in nitric oxide (NO) bioavail-
ability and NO production by endothelial cells. NO is
produced from L-arginine and oxygen by the action of endo-
thelial NO synthase (eNOS) and tetrahydrobiopterin (BH4)
as the cofactor [44]. Inflammatory cytokines decrease the
half-life of eNOS mRNA [45] and inhibit eNOS activation
[46]. The inflammatory cytokines also reduce L-arginine by
inducing the formation of arginase and superoxides that
subsequently oxidize BH4 and bind to NO to form peroxyni-
trite [16]. In a human study, influenza vaccination induced
inflammation which led to endothelial dysfunction and
increased AS [47]. All these events lead to endothelial dys-
function and increased AS.

Inflammation also leads to AS by changing the structure
of the arterial wall. There are several mechanisms that con-
tribute to this change. A study found that CRP induced leu-
cocytes to release matrix metalloproteinases that degraded
the elastin fibres in the arterial wall [48, 49]. Leucocyte accu-
mulation in response to the proinflammatory cytokines also
activates vascular smooth muscle cell migration, prolifera-
tion, and secretion of various mediators such as endothelin,
angiotensin II, proteases, collagen, and proteoglycans that
regulate vascular contractility which lead to increased stiff-
ness [50]. Inflammatory mediators such as CRP induce vas-
cular smooth muscle cells to produce bioapatite that
promotes arterial wall calcification [51–53]. Inflammation
also alters the cellular composition of the extracellular matrix
(ECM). In intermediate and advanced atherosclerotic
lesions, there are upregulations of glycosaminoglycans, dec-
orin, versican, biglycan, and hyaluronan [54]. Increased hya-
luronan leads to water trapping, swelling, and formation of
viscous gel that allows ECM to resist compression forces [54].

Based on a limited number of studies, we found that the
association between PWV and CRP was stronger than the
associations between PWV and lipid level. It is still early to
conclude this; however, based on the above information, this
happens maybe because the effects of inflammation are more
direct (acute effect) compare to the effects of lipid parameter
towards AS. The effects of dyslipidemia towards AS is medi-
ated by inflammation.

A study by Cheng et al. found that the cholesterol year
score (CYS) was a significant determinant of hs-CRP [24].
CYS was determined by the duration and severity of
hypercholesterolemia. Both CYS and hs-CRP were also
predictors for increased baPWV. Further analysis found
there was a synergistic effect of dyslipidemia and increased
inflammation towards aortic stiffness [24]. Increased inflam-
mation was defined as CRP > 1mg/dL. Thus, it is suggested
that the measurement of CRP is beneficial as a guide for
management, and the use of an anti-inflammatory agent as
a complementary treatment of antihyperlipidemia in reduc-
ing aortic stiffness.
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4.1. Study Limitation. This review is based on a limited num-
ber of articles published in English language only. Besides,
only CRP and hs-CRP are taken as the inflammatory markers
assessed. There are other inflammatory mediators that can be
assessed such as IL-6 and TNF-α. On the other hand, there
are other available methods to assess arterial stiffness such
as augmentation index and finger photoplethysmography fit-
ness index (PPGF) [55–57]. However, in this review, we only
focus on cfPWV and baPWV since both methods have been
found to be associated with future CVD as mentioned earlier
[9, 12]. The subjects also involved those who were on various
medications which may affect the results. Lastly, we did not
look into the different types of lipid components that may
have different effects on AS.

5. Conclusions

Inflammation is associated with increased pulse wave veloc-
ity in dyslipidemia patients. This suggests the involvement
of inflammation in the development of arterial stiffness in
dyslipidemia.
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