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Aim: Takayasu arteritis (TAK) is a rare inflammatory large-vessel vasculitis with increased cardiovascular mor-
bidity and mortality. Brachial-ankle pulse wave velocity (ba-PWV) is a widely used measure of arterial stiffness 
and serves as an indicator of either cardiovascular risk or severity of vascular damage. However, the studies about 
the relationship between TAK and ba-PWV are limited. This study aimed to investigate the use of ba-PWV in 
the patients with TAK.

Methods: Sixty-seven patients with TAK and 67 age and sex matched healthy controls were recruited. Patients 
with TAK were grouped according to disease activity. The routine hematological parameters and ba-PWV were 
summarized.

Results: Ba-PWV was significantly higher in the patients with TAK than in the healthy controls (P＜0.001). 
Ba-PWV was significantly higher in the patients with active TAK than in the patients with inactive TAK (P=  
0.04). Multiple liner regression analysis indicated that TAK (β=363.97, P=0.013), and mean arterial pressure 
(MAP) (β=8.52, P=0.012) were independently related to ba-PWV. Ba-PWV did not correlate with C-reactive 
protein (CRP) and erythrocyte sedimentation rate (ESR) in overall patients with TAK (both P＞0.05). In 
patients with TAK without immunosuppressive therapy, ba-PWV significantly correlated with CRP (r=0.419, 
P=0.008) but not ESR (P＞0.05). Multiple logistic regression analysis indicated that ba-PWV was an indepen-
dent predictor of active TAK in overall patients with TAK (OR=1.003, 95% CI=1.000–1.007; P=0.040) and 
patients with TAK without immunosuppressive therapy (OR=1.006, 95% CI=1.001–1.012; P=0.031).

Conclusions: Being significantly increased in patients with TAK, ba-PWV is significantly associated with TAK 
disease activity, and it probably correlates with systematic inflammation.

by adventitial thickening and cellular infiltration of 
the tunica media, with local destruction of vascular 
smooth muscle cells and elastin3). It causes blood-ves-
sel wall thickening, dilation or aneurysm, arterial ste-
nosis, and progressive occlusion, resulting in hyperten-
sion, ischemia, aortic regurgitation, and absent or 
reduced pulses. TAK is associated with a significantly 
increased risk of cardiovascular diseases4-6).

Arterial stiffness is an important and indepen-
dent predictor of future cardiovascular events and all-

Introduction

Takayasu arteritis (TAK) is a rare, chronic, and 
non-specific vasculitis that causes inflammation of 
arteries. Although all large arteries can be affected, the 
aorta, subclavian, and carotid arteries are most com-
monly involved (60%–90%)1, 2). Individuals of any 
race, gender, or age may be affected by TAK, but it is 
most common in young Asian females in the second 
and third decades of life. This disease is characterized 
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gave informed consent. Patients with ankle brachial 
index (ABI) ＜0.9 were excluded, because ba-PWV 
was decreased in the presence of arterial occlusive dis-
ease in the lower extremities. The higher values of 
blood pressure were used for the patients with TAK 
with significant left and right difference of the bra-
chial artery blood pressure, because the lower brachial 
artery blood pressure may be associated with a signifi-
cant angiostegnosis. Immunosuppressive therapy refers 
to treatment with prednisolone or azathioprine in 
patients with TAK. Disease duration of TAK was 
between 1 and over 30 years in this study.

Laboratory Assays
Blood samples were collected after the patients 

fasted overnight. Total cholesterol, high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), erythrocyte sedimentation rate 
(ESR), and C-reactive protein (CRP) were measured 
using routine laboratory methods.

Ba-pwv Measurement
Ba-PWV were measured after 5 min of bed rest 

in a quiet and temperature-controlled room (20℃ to 
25℃), with the participant in a supine position. Blood 
pressure, ba-PWV, ABI, and electrocardiogram were 
simultaneously recorded using a validated oscillomet-
ric device (Model BP203RPE-II [VP-1000], Omron 
Corporation, Japan)17). In this study, the average val-
ues of the right and left ba-PWV were used for analy-
sis. Height and body weight were obtained and 
recorded using an oscillometric device, with the body 
mass index (BMI) calculated and recorded. Heart rate 
(HR), right arm systolic blood pressure (SBP), right 
arm diastolic blood pressure (DBP), and mean arterial 
pressure (MAP) were recorded. Pulse pressure (PP) 
was obtained as the difference between the right arm 
SBP and right arm DBP.

Statistical Analyses
Continuous variables are presented as mean± 

standard deviation. Categorical variables were 
expressed as percentages. Comparisons of baseline 
characteristics were conducted using the Student’s 
t-test for normally distributed variables, Mann-Whit-
ney U test for significantly skewed continuous vari-
ables, and chi-square (χ2) tests for categorical vari-
ables. Univariate analyses were initially applied to test 
the associations between ba-PWV and other variables. 
Correlations between skewed continuous or discrete 
variables were evaluated using Spearman’s r coefficient, 
whereas those between normally distributed variables 
were evaluated using Pearson’s r coefficient. Simple 
linear regression analyses were used to evaluate the 

cause mortality7), and it is also an indicator of severity 
of vascular damage8, 9). Among the representative mea-
sures of arterial stiffness, brachial-ankle pulse wave 
velocity (ba-PWV)8, 10, 11), which reflects the stiffness 
of both the central and peripheral muscular arteries, 
has been widely used as a simple and non-invasive 
measure for arterial stiffness.

The increase of arterial stiffness is age-related and 
may be exacerbated by a number of disorders7, 8, 12). 
Inflammation typically plays an important role in 
arteries stiffening, related to atherosclerosis, arterio-
sclerosis, endothelial dysfunction, smooth muscle cell 
migration, vascular calcification, increased activity of 
metalloproteinases, extracellular matrix degradation, 
oxidative stress, etc13). In patients with TAK character-
ized by the vasculitis causing inflammation of the 
aorta and its main branches, inflammation may dra-
matically contribute to arterial stiffening. Arterial stiff-
ness may be an important risk factor with important 
clinical application value for patients with TAK. Previ-
ous studies demonstrated that the arterial stiffness, 
measured as carotid-femoral pulse wave velocity (cf-
PWV), was increased in patients with TAK14, 15). How-
ever, these studies are limited because of their small 
sample sizes of patients with TAK (10 14) and 27 15) 
patients with TAK). Moreover, the use of cf-PWV as a 
measurement of arterial stiffness in the patients with 
TAK is probably not appropriate because of its low 
reproducibility. Therefore, at present, the utility of 
arterial stiffness measured by PWV in the patients 
with TAK is far from well-established.

Aims

In this current study, we presented the clinical 
data of 67 patients with TAK and 67 healthy female 
subjects who received ba-PWV measurement. Our 
aim was to evaluate the utility of ba-PWV to measure 
the arterial stiffness in the patients with TAK, to 
determine its relationship with TAK, and to investi-
gate its relationships with inflammation as well as 
TAK disease activity in a relatively large number of 
patients with TAK.

Methods

Subjects
A total of 67 Chinese Han patients with TAK, 

diagnosed according to American College of Rheuma-
tology criteria16), were enrolled in this study. A total of 
67 healthy unrelated age- and gender-matched sub-
jects without any history of chronic disease were used 
as controls. The study was approved by the Ethics 
Committee of FuWai Hospital, and all of the subjects 
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matched.
No difference of BMI (25.54±3.08 vs. 24.00± 

4.42 kg/m2), SBP (117.70±11.29 vs. 122.51±32.08 
mmHg), DBP (69.78±9.21 vs. 67.93±19.87 
mmHg), MAP (87.97±9.48 vs. 90.43±24.12 
mmHg), HDL-C (1.24±0.28 vs. 1.39±0.34 mmol/
L), and ABI (1.14±0.09 vs. 1.22±0.22) were found 
between the healthy subjects and the patients with 
TAK (all P＞0.05). Age (39.67±9.29 vs. 35.68± 
10.42 years, P＜0.05), PP (47.91±8.03 vs. 32.09±
12.65 mmHg, P＜0.001), Total cholesterol (4.72± 
0.92 vs. 4.40±0.91 mmol/L, P＜0.05), and LDL-C 
(2.90±0.82 vs. 2.41±0.76 mmol/L, P＜0.05) were 
significantly higher in the healthy subjects than in the 
patients with TAK. HR (68.21±11.04 vs. 78.16±
11.94 beats/min, P＜0.001) was significantly lower in 
the healthy subjects than in the patients with TAK 
(Table 1).

TAK and ba-PWV
Ba-PWV was significantly higher in the patients 

associations between ba-PWV and other variables. 
Multiple linear regression analyses were performed to 
evaluate the relationships between ba-PWV and TAK 
while adjusting for potential confounders. A multi-
variable logistic regression model was performed to 
identify potential predictive factors for patients with 
active TAK. CRP and ESR were log-transformed. 
Data were analyzed using Statistical Package for Social 
Sciences (SPSS) software (version 13.0, SPSS Inc., 
Chicago, IL, USA). All statistical tests were two sided. 
P＜0.05 was considered to indicate significant differ-
ence.

Results

Patient Characteristics
The basic characteristics of the study populations 

are summarized in Table 1. The basic characteristics 
of the healthy subjects and the patients with active or 
inactive TAK are summarized in Table 2. The healthy 
subjects and patients with TAK were age and sex 

Table 1. Basic characteristics of healthy subjects and patients with TAK

Variable Healthy subjects (N=67) TAK patients (N=67)

Age (years)
Female sex (%)
BMI (kg/m2)
Diabetes(%)
Aspirin (%)
Statins (%)
Immunosuppression (%)
ARB /ACEI (%)
CCB (%)
β-blocker (%)
Diuretics (%)
Heart rate (beats/min)
SBP (mmHg)
DBP (mmHg)
MAP (mmHg)
PP (mmHg)
ESR (mm/h)
CRP (mg/L)
Total cholesterol (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
ba-PWV (cm/s)
ABI

39.67±9.29
100

25.54±3.08
0
0
0
0
0
0
0
0

68.21±11.04
117.70±11.29

69.78±9.21
87.97±9.48
47.91±8.03
6.84±8.57
3.59±3.80
4.72±0.92
1.24±0.28
2.90±0.82

1211.37±154.42
1.14±0.09

35.68±10.42＊

100
24.00±4.42

4.4＊

28.8＊

7.6＊

34.7＊

22.8＊

22.9＊

30.4＊

6.3＊

78.16±11.94＊

122.51±32.08
67.93±19.87
90.43±24.12
32.09±12.65＊＊

13.97±15.88＊＊

6.54±12.26＊＊

4.40±0.91＊

1.39±0.34
2.41±0.76＊

1495.55±431.72＊

1.22±0.22

ABI=ankle brachial index; ARB=angiotensin II receptor blocker; ACEI=angiotensin-converting enzyme inhibitor; ba-
PWV=brachial-ankle pulse wave velocity; BMI=body mass index; CCB=calcium channel blocker; CRP=c-reactive 
protein; DBP=diastolic blood pressure; ESR=erythrocyte sedimentation rate; HDL-C=high-density lipoprotein cho-
lesterol; LDL-C= low-density lipoprotein cholesterol; MAP=mean arterial blood pressure; PP=pulse pressure; 
SBP= systolic blood pressure; TAK=Takayasu Arteritis.
Healthy subjects vs. Patients with TAK: ＊p＜0.05, ＊＊p＜0.001.



Takayasu Arteritis and ba-PWV

175

with TAK than in the healthy subjects (Table 1). 
Patients with TAK were classified into patients with 
active TAK (n=43) or patients with inactive TAK 
(n=24) according to Kerr’s criteria2). ESR (17.23±
18.52 vs. 7.59±4.20 mm/h, P=0.002) and CRP 
(8.53±14.69 vs. 2.65±1.65 mg/L, P=0.013) were 
also significantly higher in the patients with active 
TAK than in patients with inactive TAK (Table 2).

No significant associations between ba-PWV and 
ESR/CRP were found in overall patients with TAK 
and patients with active TAK or patients with inactive 
TAK (all P＞0.05).

In view of the significant influence of immuno-
suppressive therapy on the levels of ESR and CRP, the 
associations between ba-PWV and ESR/CRP may be 
significantly affected by the immunosuppressive ther-
apy. Thus, we examined the associations of ba-PWV 
and ESR/CRP in overall patients with TAK and the 
patients with (n=25, active TAK 20, inactive TAK 5) 
or without immunosuppressive therapy (n=42, active 

with TAK than in the healthy subjects (1495.55± 
431.72 vs. 1211.37±154.42cm/s, P＜0.05) (Table 1), 
and it was also significantly higher in the patients with 
inactive TAK than in the healthy subjects (1,381.75±
373.33 vs. 1211.37±154.42cm/s, P＜0.001) (Table 2; 
Fig.1).

Simple linear regression analysis demonstrated 
that ba-PWV was significantly associated with TAK (β
=214.70, P＜0.001) (Table 3). In the multiple linear 
regression analysis using ba-PWV as dependent vari-
able, TAK (β=363.97, P=0.013), and MAP (β
=8.52, P=0.012) were significantly associated with 
ba-PWV after adjusting for age, SBP, DBP, PP, BMI, 
HR, Total cholesterol, HDL-C, and LDL-C (all P＞ 
0.05) (R2=0.413) (Table 3).

Inflammation and ba-PWV in Patients with TAK
ESR (13.97±15.88 vs. 6.84±8.57 mm/h, P＜ 

0.001) and CRP (6.54±12.26 vs. 3.59±3.80 mg/L, 
P＜0.001) were significantly higher in the patients 

Table 2. Basic characteristics of healthy subjects, inactive and active TAK patients

Variable Healthy subjects (N=67) Inactive TAK patients (N=24) Active TAK patients (N=43)

Age (years)
Female sex (%)
BMI (kg/m2)
Diabetes(%)
Aspirin (%)
Statins (%)
Immunosuppression (%)
ARB /ACEI (%)
CCB (%)
β-blocker (%)
Diuretics (%)
Heart rate (beats/min)
SBP (mmHg)
DBP (mmHg)
MAP (mmHg)
PP (mmHg)
ESR (mm/h)
CRP (mg/L)
Total cholesterol (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
ba-PWV (cm/s)
ABI

39.67±9.29
100

25.54±3.08
0
0
0
0
0
0
0
0

68.21±11.04
117.70±11.29

69.78±9.21
87.97±9.48
47.91±8.03
6.84±8.57
3.59±3.80
4.72±0.92
1.24±0.28
2.90±0.82

1211.37±154.42
1.14±0.09

42.77±10.09
100

24.05±3.23
4.1＊

13.6＊

4.5＊

13.6＊

13.6＊

18.2＊

18.2＊

9.1＊

75.45±13.10＊

116.77±28.37
63.82±13.04
86.82±18.80
29.95±13.03＊

7.59±4.20
2.65±1.65
4.12±0.90
1.29±0.33＊

2.31±0.84＊

1,381.75±373.33＊＊

1.23±0.24

31.72±10.59†, ‡

100
23.97±4.95

4.6†

37.2†, ‡‡

9.3†

46.5†, ‡

27.9†

25.6†

37.2†

4.7†

79.67±11.26†

125.72±35.39
70.23±22.76
92.44±26.58
33.28±12.43††

17.23±18.52†, ‡

8.53±14.69†, ‡

4.55±0.93
1.44±0.34
2.47±0.71

1,553.72±451.76†, ‡

1.22±0.21

ABI=ankle brachial index; ARB=angiotensin II receptor blocker; ACEI=angiotensin-converting enzyme inhibitor; ba-PWV=brachial-
ankle pulse wave velocity; BMI=body mass index; CCB=calcium channel blocker; CRP=c-reactive protein; DBP=diastolic blood pres-
sure; ESR=erythrocyte sedimentation rate; HDL-C=high-density lipoprotein cholesterol; LDL-C= low-density lipoprotein cholesterol; 
MAP=mean arterial blood pressure; PP=pulse pressure; SBP= systolic blood pressure; TAK=Takayasu Arteritis.
Healthy subjects vs. Inactive TAK patients:  ＊P＜0.05, ＊＊P＜0.001.
Healthy subjects vs. Active TAK patients: †P＜0.05, ††P＜0.001.
Inactive TAK patients vs. Active TAK patients: ‡P＜0.05, ‡‡P＜0.001.
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Fig.1. Ba-PWV of healthy subjects, patients with inactive TAK 
and patients with active TAK

Ba-PWV was higher in patients with inactive TAK than in healthy sub-
jects but lower than in patients with active TAK.
CRP=c-reactive protein; ESR=erythrocyte sedimentation rate; 
TAK=Takayasu Arteritis.

Table 3.  Simple linear regression analysis and multiple linear regression analysis using 
ba-PWV as dependent variable

Variable β P value

Simple linear regression analysis
TAK
Age (years)
BMI(kg/m2)
Heart rate (beats/min)
SBP (mmHg)
DBP (mmHg)
MAP (mmHg)
PP (mmHg)
ESR (mm/h)
CRP (mg/L)
Total cholesterol (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)

 
214.70

-4.18
6.27
6.96
4.86
7.45
2.77

-2.18
3.84
3.76

18.38
88.77
-8.14

 
＜0.001

0.040
＞0.05
＜0.001
＜0.001
＜0.001

0.046
＞0.05

0.044
＞0.05
＞0.05
＞0.05
＞0.05

Multiple linear regression analysis
TAK
Age (years)
BMI(kg/m2)
Heart rate (beats/min)
SBP (mmHg)
DBP (mmHg)
MAP (mmHg)
PP (mmHg)
ESR (mm/h)
CRP (mg/L)
Total cholesterol (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)

363.97
3.21
2.04
2.24

Excluded
0.53
8.52

-1.88
1.60

-2.40
71.60

-70.16
-39.99

0.013
＞0.05
＞0.05
＞0.05

-
＞0.05

0.012
＞0.05
＞0.05
＞0.05
＞0.05
＞0.05
＞0.05

ba-PWV=brachial-ankle pulse wave velocity; CRP=c-reactive protein; ESR=erythrocyte sedimen-
tation rate; TAK=Takayasu Arteritis.
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regression analyses for overall patients with TAK (OR 
=1.003, 95% CI=1.000–1.007; P=0.040) and 
patients with TAK without immunosuppressive ther-
apy (OR=1.006, 95% CI=1.001–1.012; P=0.031), 
after adjusting age, SBP, ESR, and CRP. In order to 
make the results more readable, we used ba-PWV/200 
to stand for the ba-PWV divided by 200 in the multi-
ple logistic regression analyses. Ba-PWV/200 were sig-
nificant in the multiple logistic regression analysis for 
overall patients with TAK (OR=1.915, 95% 
CI=1.032–3.686; P=0.040) and patients with TAK 
without immunosuppressive therapy (OR=3.344, 
95% CI=1.119–9.991; P=0.031) after adjusting age, 
SBP, ESR and CRP (Table 4). ESR and CRP were 
log-transformed in these logistic analyses. These results 
suggest that ba-PWV is significantly associated with 
TAK disease activity, and it may be an independent 
predictor of active TAK in the patients with TAK.

TAK 23, inactive TAK 19). In overall patients with 
TAK and patients with TAK with immunosuppressive 
therapy, ba-PWV was not significantly correlated with 
CRP/ESR (all P＞0.05). However, in patients with 
TAK without immunosuppressive therapy, ba-PWV 
was significantly correlated with CRP (r=0.419, P=  
0.008) but not ESR (r=0.168, P＞0.05) (Fig.2).

Ba-PWV and the Disease Activity of TAK
Ba-PWV was significantly higher in the patients 

with active TAK than the patients with inactive TAK 
(1,553.72±451.76 vs. 1,381.75±373.33 cm/s, P=  
0.04) (Table 2; Fig.1).

We assessed the predictive value of ba-PWV for 
active TAK with multiple logistic regression analysis 
(enter method) in overall patients with TAK. In view 
of the possible influence of immunosuppressive ther-
apy on the analysis result, we also run the analysis in 
patients with TAK without immunosuppressive ther-
apy. Ba-PWV were significant in the multiple logistic 

Fig.2. Relationships between ba-PWV and CRP and ESR in the overall patients with TAK and 
the patients with TAK without immunosuppressive therapy

Ba-PWV was significantly correlated with CRP in the patients with TAK without immunosuppressive 
therapy (D) but not in the overall patients with TAK (B). Ba-PWV was not significantly correlated with 
ESR in the patients with TAK without immunosuppressive therapy (A) and in the overall patients with 
TAK (C). Correlation coefficient (r) and probability (P) are indicated in each diagram.
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ba-PWV and TAK disease activity, and the relation-
ship between ba-PWV and systematic inflammation 
in patients with TAK. We have our own characteristics 
and strengths as follows. First, there were 67 patients 
with TAK in our study. In case of the rarity of patients 
with TAK, our sample size is dramatically large. Sec-
ond, our study demonstrated a significant association 
between TAK disease activity and arterial stiffness, and 
we also initially investigated the relationship between 
arterial stiffness and systematic inflammation in 
patients with TAK considering the influence of immu-
nosuppressive therapy. Third, we used ba-PWV as a 
measurement of arterial stiffness in this study. This is 
a PWV more widely used in China comparing with 
cf-PWV. Finally, ba-PWV is probably a better mea-
surement of arterial stiffness for patients with TAK 
comparing with cf-PWV because cf-PWV has a low 
reproducibility in patients with TAK.

At present, both cf-PWV and ba-PWV are a 
widely used measure of arterial stiffness in clinical set-
tings. Cf-PWV was used as a measure of arterial stiff-
ness in the previous two studies14, 15), and ba-PWV 
was used in the present study. Cf-PWV reflects the 
arterial stiffness in large central arteries between 
carotid and femoral arteries. Ba-PWV is an automatic 
PWV measurement reflecting arterial stiffness in the 
large central and middle-sized peripheral arteries 
between the brachial artery to ankle artery18).

We believe ba-PWV is more appropriate to be 
used as a measure of arterial stiffness for patients with 
TA comparing with cf-PWV. First, more arteries are 
involved in the measurement of ba-PWV comparing 
with cf-PWV. TAK frequently affects peripheral arter-
ies, especially subclavian arteries and even axillary 

Discussion

The results in this study suggest that the arterial 
stiffness measured by ba-PWV is significantly 
increased in patients with TAK comparing with nor-
mal controls, it is also significantly increased in 
patients with active TAK comparing with patients 
with non-active TAK, TAK, and MBP is significantly 
and independently associated with ba-PWV, ba-PWV 
probably correlates with systematic inflammation eval-
uated by CRP, and ba-PWV was significantly associ-
ated with disease activity in patients with TAK proba-
bly serving as an independent predictor of patients 
with active TAK.

In our study, ba-PWV was higher in patients 
with TAK with active or inactive disease than in the 
healthy controls. Moreover, TAK was significantly 
associated with ba-PWV independently of age, blood 
pressure, or lipid profile. Two previous studies demon-
strated that TAK is associated with higher arterial stiff-
ness, which was measured by cf-PWV and cr-PWV 
(carotid–radial PWV) in one study14) and cf-PWV in 
another study15). They have relatively small sample 
sizes (10 14) and 27 15) patients with TAK). The arterial 
stiffness was demonstrated higher in patients with 
TAK comparing with normal controls, and it did not 
correlate with ESR or CRP. One study also demon-
strated that TAK and mean BP were the strongest 
determinants of arterial stiffness measured by cf-PWV, 
and cf-PWV was not significantly associated with dis-
ease activity, history of hypertension, and TAK disease 
duration15).

In our study, we investigated the relationship 
between ba-PWV and TAK, the relationship between 

Table 4.  Multiple logistic regression analyses with active TAK as dependent variable and Age, ESR, ba-PWV/200 and CRP as inde-
pendent variables

Variable OR (95% CI) P value

Overall TAK patients (n =67)
Age (years)
SBP (mmHg)
ESR (mm/h)
CRP (mg/L)
ba-PWV/200

0.862 (0.788–0.942)
0.995 (0. 968–1.023)

30.498 (1.390–669.024)
0.477 (0.039–5.911)
1.915 (1.032–3.686)

0.001
0.742
0.030
0.565
0.040

TAK patients without immunosuppressive therapy (n =43)
Age (years)
SBP (mmHg)
ESR (mm/h)
CRP (mg/L)
ba-PWV/200

0.860 (0.769–0.961)
0.997 (0.958–1.038)
1.444 (1.939–10732.852)
0.167 (0.006–4.874)
3.344 (1.119–9.991)

0.008
0.890
0.024
0.298
0.031

ba-PWV=brachial-ankle pulse wave velocity; CRP=c-reactive protein; ESR=erythrocyte sedimentation rate; TAK=Takayasu Arteritis; OR=odds 
ratio; CI=confidence interval. CRP and ESR were log-transformed. ba-PWV/200 refers to ba-PWV divided by 200.
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Increased arterial stiffness has also been demon-
strated in other systemic immune and inflammatory 
diseases, including Rheumatoid arthritis (RA)22), Sys-
temic lupus erythematosus (SLE)23), Wegener’s granu-
lomatosis (WG)24), Psoriasis25), Familial Mediterra-
nean fever (FMF)26), Sarcoidosis27), Behçet’s disease 
(BD)28), and systemic sclerosis (SS)29).

Inflammation is a very important contributor in 
the development of TAK and arterial stiffening. ESR 
and CRP are widely accepted inflammatory factors, 
and they also are two important markers monitoring 
TAK disease activity widely used in clinical settings. 
In the previous study, the researchers demonstrated 
that arterial stiffness measured as cf-PWV was not 
associated with TAK disease activity, ESR, and CRP14, 15), 
but they were significantly limited by their small sam-
ple sizes and did not consider the influence of immu-
nosuppressive therapy.

In our study, we examined the relationships 
between ba-PWV and ESR/CRP in the patients with 
TAK. In view of the significant influence of immuno-
suppressive therapy on inflammation in the patients 
with TAK, we examined the relationships between ba-
PWV and ESR/CRP in overall patients with TAK and 
patients with TAK with and without immunosuppres-
sive therapy. In overall patients with TAK and patients 
with TAK with immunosuppressive therapy, ba-PWV 
was not significantly correlated with CRP and ESR. 
However, in the patients with TAK without immuno-
suppressive therapy, ba-PWV was significantly corre-
lated with CRP. Therefore, the significant correlation 
between ba-PWV and CRP in patients with TAK was 
probably compromised by the immunosuppressive 
therapy. Even though more studies are needed, our 
results suggest that ba-PWV is correlated with system-
atic inflammation evaluated by CRP in the patients 
with TAK.

The disease activity of the patients with TAK is a 
very important concern for physicians in their clinical 
work. Therefore, the association between disease activ-
ity and arterial stiffness is an important topic. In our 
study, we, for the first time, demonstrated the associa-
tion between disease activity and arterial stiffness mea-
sured as ba-PWV in patients with TAK. We found 
that although active patients with TAK were much 
younger than inactive patients with TAK in this study, 
ba-PWV was significantly higher in patients with 
active TAK than in patients with inactive TAK. The 
multiple logistic regression analyses indicated that ba-
PWV was an independent predictor of patients with 
active TAK in overall patients with TAK and patients 
with TAK without immunosuppressive therapy. These 
results suggest that ba-PWV is significantly associated 
with disease activity in patients with TAK, and ba-

arteries and femoral arteries, which are involved by ba-
PWV but not by cf-PWV. Furthermore, cf-PWV is 
not a stable measurement of arterial stiffness for the 
patients with TAK. It has a low reproducibility in the 
measurement of arterial stiffness for patients with 
TAK and that is why the investigators used the aver-
age of multiple recordings in the two previous studies 
(10 recordings in one study14) and two recordings in 
another study15)). The sensors must be located on 
carotid and femoral arteries in the measurement of cf-
PWV. However, carotid and femoral arteries are sig-
nificantly damaged by TAK for many patients with 
TAK. Therefore, measuring cf-PWV for the patients 
with TAK comparing with healthy people or patients 
with other kinds of diseases is a totally different condi-
tion. The reproducibility of cf-PWV is low in patients 
with TAK probably because the sensors cannot be very 
steadily located on the carotid and femoral arteries, 
which are very big and significantly affected by TAK. 
Being involved in atherosclerosis, TAK alters arterial 
structure, compliance, and functions; thus, it may 
probably lead to pathological pulsation in carotid and 
femoral arteries, which may consequently lead to a 
low reproducibility of cf-PWV in the patients with 
TAK. Furthermore, obtaining ba-PWV compared 
with cf-PWV is much easier and convenient. The dis-
tance between the carotid and femoral arteries is not 
easy to be very properly obtained in the measurement 
of cf-PWV, especially for the subjects with a big abdo-
men. The iliac region must be exposed before the fem-
oral sensor is located on the femoral artery, in the 
measurement of cf-PWV. Finally, we already proved 
the prognostic value of ba-PWV in the patients with 
Takayasu Arteritis with drug-eluting stent implanta-
tion19). Therefore, we think ba-PWV is a more appro-
priate non-invasive quantification of arterial stiffness 
for the patients with TAK comparing with cf-PWV.

It is reasonable for the arterial stiffness to be 
increased in the patients with TAK, which is charac-
terized as an inflammatory granulomatous vasculitis of 
medium and large arteries and eventually leads to 
adventitial thickening and cellular infiltration of the 
tunica media, irregular fibrosis of the blood vessels 
due to chronic vasculitis, and local destruction of vas-
cular smooth muscle cells and elastin3). The degenera-
tion of elastic fibers is also a feature of TAK, with the 
formation of aneurysms occurring when inflammation 
leads to a loss of medial smooth muscle cells. The vas-
cular remodeling consequently contributes to arterial 
stiffening in patients with TAK. For patients with 
TAK, the increased arterial stiffness dramatically 
depends on the inflammatory process, which has been 
proved to play an important role in arterial stiffen-
ing20, 21).
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affected by as many other factors as is ESR such as 
food. In addition, we did not obtain the detailed 
imaging information about the arteries affected by 
TAK in the patients with TAK. Moreover, if we have 
more patients with TAK without any immunosup-
pressive therapy, the results will be more convincing. 
Finally, this is a cross-sectional study, and a prospec-
tive study concerning the relationship between ba-
PWV and disease activity in the patients with TAK 
will be more convincing. Further studies about the 
influence of immunomodulatory drugs on ba-PWV in 
patients with TAK are needed.

Conclusions

In conclusion, the arterial stiffness measured by 
ba-PWV is significantly increased in patients with 
TAK, possibly correlates with systematic inflamma-
tion, and it is significantly associated with TAK dis-
ease activity probably serving as an independent pre-
dictor of active TAK. As an independent predictor of 
cardiovascular risk at the same time and combined 
with other markers, ba-PWV can probably improve 
the non-invasive assessment of the high-risk patients 
with TAK in clinic settings.
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