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Abstract

Introduction: Takayasu arteritis (TA) is a chronic vasculitis associated with
an increased cardiovascular risk. The measurement of pulse wave velocity
(PWV), carotid artery intima-media thickness (CIMT) and flow-mediated dil-
atation (FMD) are generally used for evaluating the cardiovascular risk. The
application of these measurements to TA patients remains undetermined.
Material and methods: Clinical studies that reported the PWV, CIMT and
FMD levels in TA patients, which were published prior to 2021, were sum-
marized using PubMed.

Results: Fifteen studies were eligible. Overall, in TA patients, the PWV and
CIMT levels were significantly higher and the FMD levels were significantly
lower compared to controls. Part of the studies showed that the disease
activity of TA was significantly associated with the PWV, CIMT or FMD levels.
Conclusions: The PWV, CIMT and FMD measurements could be useful for
evaluating the cardiovascular risk in TA patients. Further studies to deter-
mine the proper use of these measurements are warranted.

Key words: cardiovascular disease, endothelial dysfunction, pulse wave
analysis, Takayasu disease, vascular stiffness.

Introduction

Takayasu arteritis (TA), which is also known as pulseless disease
and aortitis syndrome, is a chronic granulomatous vasculitis affecting
large- and medium-sized arteries, predominantly the aorta and its main
branches [1-3]. The aorta can be involved along its entire length, and
although any of its branches can be diseased, the subclavian and com-
mon carotid arteries are most commonly affected [1]. This disease is
comparatively rare, typically presenting before the age of 40 years with
a female predominance [1-3]. Although the etiology of TA is unknown,
it is assumed to have an autoimmune basis, influenced by genetic and
environmental factors [2, 4]. TA is seen worldwide, but its incidence is
higher in Southeast Asia, Central and South America, and Africa [4]. The
distribution of vascular lesions can differ among regions; that is, cervical
and thoracic arterial lesions are prevalent in Japan and South America,
whereas abdominal lesions involving the renal artery are prevalent in
Israel and other Asian countries [5-7].
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The prognosis of TA has improved but is often
affected by vascular complications [8-12]. Athero-
sclerotic plagues are common in lesions where
the primary vessel disease was prominent and
local lesions occur in TA patients [13, 14]. In TA
patients, cardiovascular events are considered the
main causes of mortality [1, 3, 15, 16]. In this con-
text, a link between local and systemic atheroscle-
rosis is a known phenomenon [17, 18].

There are some surrogate markers of future
cardiovascular events. The measurement of pulse
wave velocity (PWV) is a simple and non-inva-
sive test to evaluate arterial stiffness, an athero-
sclerotic manifestation [19, 20]. High-resolution
B-mode ultrasound measurements of the carotid
artery intima-media thickness (CIMT) are a direct
and non-invasive index to evaluate atherosclero-
sis [21]. Flow-mediated dilatation (FMD) of the
brachial artery is an ultrasound method that is
widely used to evaluate the endothelial function
[22]. Endothelial dysfunction is on the atherogenic
pathway, and reduces the levels of FMD [22-24].

Given the at-risk cardiovascular events in TA
patients, it would be useful to know whether
the PWV, CIMT and FMD levels are out-of-normal
range and then whether these measurements can
be used to evaluate the degree of risk. The pres-
ent study aimed to review the available literature
on the application of these measurements in TA
patients.

Literature search

The PubMed database was searched for clin-
ical studies published prior to January 2021. If
needed, a manual search was performed accord-
ing to the citation lists of the relevant literature.
The following key words were used: (“Takayasu
arteritis”[Mesh] OR “Takayasu arteritis”[tiab] OR
“pulseless disease”[tiab] OR “aortitis syndrome”
[tiab]), which were combined with (“pulse wave
analysis”[Mesh] OR ”Vascular Stiffness”[Mesh] OR
“Carotid Intima-Media Thickness”[Mesh] OR “Ca-
rotid Intimal Medial Thickness 1”[Supplementary
Concept] OR “pulse wave”[tiab] OR “Vascular stiff-
ness”[tiab] OR “intima media”[tiab] OR “IMT”[tiab]
OR “flow mediated dilation”[tiab] OR “endothelial
dysfunction”[tiab]). The studies were restricted to
those written in the English language. The list of
titles and abstracts was initially screened for rele-
vance by the two review authors (JW and YI). We
then selected original articles that were full-length
publications in peer-review journals. In addition,
the reference lists of selected articles were also
manually reviewed. Any disagreements were re-
solved by discussion, or by involving a third review
author (KK). Articles were excluded if any of the
following criteria were present: (1) did not com-
pare patients to a healthy control group; (2) the

article was based on animal studies; (3) the ar-
ticle was based on in vitro or experimental mod-
el-based studies; or (4) the article was a review.
Results

The results of the literature search are shown
in Figure 1. We retrieved 40 articles from the initial
search. Of these, 26 articles were excluded after
judgment of their eligibility according to screening
of titles and abstracts. Two articles were requoted
from the reference lists of eligibly identified stud-
ies. A total of 15 studies were available for the
present review [13, 25-38].

Pulse wave velocity

As shown in Table |, there were six studies that
evaluated the PWV levels [25-30], two studies
used both carotid-radial PWV (crPWV) and ca-
rotid-femoral PWV (cfPWV) [25, 26], two studies
used brachial-ankle PWV (baPWV) [27, 28], and
two studies used cfPWV [29, 30]. The systolic
blood pressure (BP) levels [25-27, 30] and dia-
stolic BP levels [26, 27] were significantly higher
in TA patients than in controls. In two other stud-
ies, the pulse pressure (PA) levels in TA patients
were higher than those in controls, although the
systolic and diastolic BP levels were similar in TA
patients and controls [28, 29].

The baPWV and cfPWV levels were significant-
ly higher in TA patients than in controls in all the
studies [25-30]. One study on crPWV showed that
the TA patients in patients were higher than those
in controls [26], while another did not [25].

In addition, the levels of diastolic BP [25], mean
BP [29] and body mass index [25] were positive-
ly associated with PWV. The PWV levels were not
correlated with inflammatory markers, including
the erythrocyte sedimentation rate (ESR) [25,
28-30] and C-reactive protein (CRP) [25, 27-30].
A study reported no association between the PWV
levels and disease activity, the interval from the
onset of TA or the cumulative dosage of gluco-
corticoid agents [29]. A study showed that the
baPWV levels in TA patients with coronary artery
disease were associated with the severity of cor-
onary artery disease and major adverse cardiac
events [27].

Intima-media thickness

Eight studies evaluated the CIMT levels (Table I1)
[13, 31-37]. All of the studies reported that the
CIMT levels in TA patients were significantly high-
er than those in controls [13, 31-37].

Four studies investigated the association be-
tween the CIMT levels and carotid artery lesions
(CALs) [13, 32, 34, 36]. Three of the four studies
showed that the CIMT levels were significantly
higher in TA patients with CALs in comparison to
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Figure 1. Flowchart of the selection of study articles
Table I. PWV in patients with TA
PWV Authors Year n (male) Age [years] Interval PWV [cm/s]
type (ref) TA Control TA Control from the TA Control
onset
[years]
Carotid- Ng [25] 2006 10 (0) 11(0) 41.0+12.5 32.4 5.5 2 to 20 1040 £280 1090 +140
radial Grotenhuis 2019 7(1)  7(1)  13.8432  13.8+3.0 2.5+3.8 8100+1800* 6400 600
PWV
[26]
Brachio- Wang[27] 2015 48 (12) 40(11) 45.0%6.7 44.5 £5.6 n.r. 1700 £380* 1380 +300
inwk\l/e Wang[28] 2020 67 (0) 67 (0) 35.68 £10.42 39.67 +9.29 n.r. 1496 +432* 1211 £154
Carotid- Ng [25] 2006 10 (0) 11(0) 41.0+12.5 324455 2to>20 1200 +430* 830110
‘;evr\;‘\;"a' Neto[29] 2014 27 (0) 27 (0) 32.37 +8.26 33.89 +10.12 10%7.2 977 +349* 783 %106
Yang [30] 2017 25(0) 25 (0) 28.3 6.2 27.1 +4.2 1.2 +0.7 837 £223* 646 £115
Grotenhuis 2019 7 (1) 7 (1) 13.8 £3.2 13.8 £3.0 2.5+3.8 8300 +£1900* 5100 +800
[26]

PWV — pulse wave velocity, n.r. — not reported, TA — Takayasu arteritis. *p-value < 0.05.

Table Il. CIMT in patients with TA
Authors  Year n (male) Age [years] Interval from Mean CIMT [mm]
(Ref) TA Control TA Control the onset TA Control

[years]

Raninen 1996 16 (2) 16 (2) 45.7 46.4 16.4 Rt: 1.2 +0.5* Rt: 0.7 £0.1
[31] Lt: 1.8 +0.9* Lt: 0.7 +0.1
Taniguchi 1997 22 (2) 19 (0) 41.2 41.2 10.3 1.6 +0.6* 0.7 +0.1
[32]
Zielinski 2002 18 (3) 17 (n.r) 38.6 n.r. 7.7 1.1 £0.1* 0.59 +0.01
(33]
Seth [34] 2006 37 (12) 28 (n.r) 26.1 £5.6 n.r. n.r. 1.3 +0.1* 0.6 +0.1
Seyahi 2006 30 (0) 50 (0) 35.4 +8.0 38.2 5.7 8.8 1.0 £0.3* 0.6 £+0.08
[13]
Bicakcigil 2011 28 (4) 98 (6) 36.8 £10 38.7 6.6 n.r. 0.6 +0.1* 0.5 +0.01
(35]
Alibaz- 2014 32(2) 20 (3) 39.06 +11.44 36.7 +11.9 5.9 1.1 £0.3* 0.7 £0.08
Oner [36]
Svensson 2020 25 (4) 25 (4) 23 (11-71) 46 (23-64) 4.5 1.3 +0.8* 0.5 £0.04
(37]

CIMT — carotid artery intima-media thickness, Lt — left, n.r. — not reported, Rt — right, TA — Takayasu arteritis. *p-value < 0.05.
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TA patients without CALs [13, 32, 34]. The CIMT
levels were positively correlated with the severi-
ty of luminal stenosis in TA patients [32, 34]. In
angiographically normal carotid arteries, the CIMT
levels were significantly higher in TA patients [32]
and clinically active TA patients [34] in comparison
to controls [34]. In contrast, another study showed
no correlation between the CIMT levels and the
presence of CALs [36].

Two studies showed that the CIMT levels were
positively associated with disease activity [34, 37],
although another study showed that CIMT levels
were not associated with the disease activity or
the interval from the onset of TA[36].

Flow-mediated dilation

Two studies evaluated the FMD levels (Table I11)
[36, 38]. These studies reported that the FMD lev-
els in TA patients were significantly lower than
those in controls [36, 38]. Two studies reported no
correlation between the FMD levels and disease
duration [36, 38] and disease activity [36]. A study
showed that glucocorticoid agents had no effect
on the FMD levels [36]. Another study showed
that TA patients receiving prednisone treatment
had significantly lower FMD levels in comparison
to non-patient controls and patients who did not
receive prednisone [38].

Discussion

The present review revealed that in TA patients,
overall, the PWV and CIMT levels were higher, and
the FMD levels were lower than in controls. This
confirms that TA patients have accelerated ath-
erosclerotic conditions. In order to evaluate the
cardiovascular risk, the PWV, CIMT and FMD mea-
surements are suggested to be applicable in clini-
cal practice in TA patients.

Although we did not identify any well-designed
prospective cohort studies that investigated the
cardiovascular outcomes among the studies in-
cluded in the present review, TA patients with se-
rious complications and/or a progressive disease
course have been previously indicated to exhib-
it a lower survival rate [8]. Because the levels of

Table Ill. FMD in patients with TA

CIMT and FMD, in addition to PWV, generally pre-
dict cardiovascular outcomes [19-24], according
to the general consensus, it is thought that these
values can be reasonably applied in clinical prac-
tice to predict an increased cardiovascular risk in
TA patients.

A link between local and systemic atheroscle-
rosis is of interest [17, 18]. In the studies of PWV
that were included in this review, the PWV levels
were not correlated with inflammatory markers
[25, 27-30] or the disease activity or duration
(interval from the onset) of TA [29]. However, two
studies reported that the PWV and total vascular
wall thicknesses were prominent in the carotid,
subclavian, and aortic arteries, which are predom-
inantly affected by TA, rather than in the peripher-
al brachial, radial, and femoral arteries, which are
infrequently affected by the disease [25, 31]. In
this review, while a study reported that the CIMT
levels are not associated with the disease activi-
ty of TA [36], two studies showed that the CIMT
levels were positively associated with the disease
activity of TA [34, 37]. The carotid plaques were
present on the side of CALs in TA patients with
CALs [13]. The CIMT levels were associated with
the severity of CAD [32, 34]. In this review, there
were no associations between the FMD levels and
the disease activity or the duration (interval from
the onset) of TA [36, 38]. Accordingly, part of the
studies likely support the presence of a link be-
tween local and systemic atherosclerosis [17, 18].
The findings also appear to show a weak influence
of the cumulative burden on the localized artery
(as expressed by the disease activity or duration)
on systemic atherosclerotic conditions, which may
be modified by the beneficial effect of treatments
on vascular pathophysiology.

Steroids, glucocorticoid agents, which are rou-
tinely used in the treatment of TA, can suppress
immunological reactions and inflammation but
are also pro-atherogenic, leading to weight gain,
dyslipidemia, insulin resistance and sodium re-
tention, resulting in hypertension [39, 40]. Three
studies included in this review reported no correla-
tion between the cumulative dosage of glucocor-
ticoids and the PWV levels [29] or the presence of

Authors Year n (male) Age [years] Interval FMD (%)
ontro ontro ontro
(Ref) A Control A Control  from the A Control
onset
[years]
Espinola- 2009 30 (0) 30 (0) 36.5+11.8  35.6 +12.5 10.9 7.7* 15.1
Zavaleta
[38]
Alibaz- 2014 32(2) 20 (3) 39.1+11.4 36.7 %119 5.9 7.6 +4.7* 15.6 £2.2
Oner
[36]

FMD - flow-mediated dilatation, TA — Takayasu arteritis. *p-value < 0.05.
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plagues [13], and no effect of the glucocorticoid
dosage on the FMD levels [36]. Even though the
results in the population of TA patients combined
with controls revealed that glucocorticoids could
decrease the FMD levels [38], it seemed that glu-
cocorticoid agents did not strongly accelerate ath-
erosclerosis.

Two studies of PWV included in this review re-
ported that the diastolic BP[25] and mean BP [29],
but not the systolic BP [25], affected cfPWV. In
addition, a study in this review reported that the
systolic BP was a predictor of FMD [38]. Therefore,
these results suggested that BP was strongly asso-
ciated with PWV and FMD. Hypertension is a key
cardiovascular complication [41] and is reported
in 33-83% of TA patients, generally reflecting re-
nal artery stenosis, which are seen in 28-75% of
patients [42]. Hypertension can also develop from
aortic stiffness [41]. Comorbid hypertension was
previously reported to be a possible determinant
of long-term cardiovascular outcomes in TA pa-
tients [8, 10, 27]. These findings suggested that
the increased BP might be a therapeutic target for
improving the cardiovascular risk in TA patients.

The present review was associated with sever-
al limitations. All of the included studies analyzed
relatively small numbers of patients. The use of
diagnostic criteria (i.e., the American College of
Rheumatology criteria [43]) was not fully unified
across the studies [30, 33, 34]. The information
regarding the age and sex of controls [33, 34] and
the influence of treatment for TA was not fully
described (with the exception of two studies [29,
36]). Although the PWV levels are typically regu-
lated by BP [44, 45], a BP-adjusted analysis was
not performed in all the studies [25-30]. None of
the studies investigated the change in PWV, CIMT
and FMD over time during the follow-up period.
These points should be addressed in future inves-
tigations.

Perspectives

The PWV, CIMT and FMD measurements would
be suitable for the simple and repeated evaluation
of the cardiovascular risk in TA patients. However,
PWV (a marker of arterial stiffness), CIMT (a struc-
tural change of the arterial wall) and FMD (a mark-
er of endothelial dysfunction) can have similar
meanings with some differences in the prediction
of the cardiovascular risk [19, 21, 22]. We have
not yet described the proper use of the respective
measurements because we found that there were
no studies that simultaneously examined the PWV,
CIMT and FMD levels in TA patients in the present
review. Further studies should be performed to
determine whether or not there is an appropriate
choice of measurements. Furthermore, the strate-
gies of monitoring and therapeutic interventions

using these measurements are still unestablished.
Thus, prospective, longitudinal and outcome ob-
servations and interventional studies are needed.

The present review partly supports the hypothe-
sis that local vessel wall lesions can affect systemic
atherosclerosis in TA[15, 16, 25, 31, 32, 34, 37]. The
local biomolecules that are distributed to blood flow
following shear stress of abnormal arteries may play
a persistent role in the development of systemic car-
diovascular events [46]. Mechanistic studies should
be undertaken to investigate the relationship to
PWV, CIMT and FMD measurements in TA.

In conclusion, TA patients showed high PWV and
CIMT levels, and low FMD levels in comparison to
controls. The PWV, CIMT and FMD measurements
could be useful to evaluate the cardiovascular risk
in TA patients. Future studies are warranted.
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