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Abstract Our study aimed to determine whether
proatherogenic lipid profiles exist in patients with active
Takayasu arteritis (TA) and assess the relationship between
different lipid profiles and disease activity in TA. A total of
132 premenopausal female patients with TA and 100 sex-,
age-, and body mass index-matched healthy controls were
included in our study. The clinical data were collected in detail
from all participants. Patients with active TA had significantly
lower levels of apolipoprotein A1 (apoA1) (1.47±0.30 vs.
1.99±0.33 mmol/L, p<0.001) and lower levels of high-
density lipoprotein cholesterol (HDL-C) (1.23±0.33 vs. 1.68
±0.38 mmol/L, p<0.001) than patients with inactive TA.
However, they had higher ratios of apolipoprotein B (apoB)/
apoA1 (0.74±0.27 vs. 0.48±0.14, p<0.001) compared with
patients with inactive TA. Multiple linear regression analysis
demonstrated that the apoB/apoA1 ratio was independently
associated with TA activity (β=0.38, p=0.04). In addition,
multivariate stepwise forward regression analysis showed that
the apoB/apoA1 ratio was the major determinant for high-
sensitivity C-reactive protein (β=0.58, p=0.002). Our find-
ings indicate that patients with active TA had proatherogenic
lipid profiles. In addition, the ratio of apoB to apoA1 could be
used as a marker for monitoring and targeting patients with
TA.
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Introduction

Takayasu arteritis (TA) is a systemic inflammatory disease
that involves the aorta and its main branches, resulting in
luminal stenosis and aneurysmal changes in the large vessels
[1]. The view that inflammation can promote the incidence of
atherosclerotic diseases has been widely accepted. Currently,
the leading cause of cardiovascular mortality in TA is conges-
tive heart failure, which is mainly due to uncontrolled hyper-
tension and aortic valve insufficiency in TA. Nevertheless,
accelerated atherosclerosis may be associated with stroke and
transient ischemic attack, which occur in up to 20 % of this
disease [2–4]. In addition, autopsy and ultrasonic and image
examinations have revealed atherosclerotic lesions in TA pa-
tients [5, 6]. However, whether increased atherosclerosis in
TA patients has an effect on vessel walls, leads to augmented
and sustained inflammatory activities, or is associated with
traditional atherosclerotic risk factors (such as hypertension
and dyslipidemia) have not yet been clarified [2]. Previous
studies on the characterization of 25 TA patients reported that
TA has a proatherogenic lipid profile, and this profile is
characterized by low levels of high-density lipoprotein cho-
lesterol (HDL-C) [7]. Our study aimed to characterize the
spectrum of lipid profiles in TA patients to investigate whether
proatherogenic lipid profiles exist in patients with active TA
and assess the relationship between inflammatory activity of
TA and lipid profiles.

Materials and methods

Inclusion criteria and exclusion criteria

A total of 132 premenopausal female TA patients and 100
sex-, age-, and body mass index (BMI)-matched healthy con-
trols were consecutively screened in Fuwai hospital from 2011
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to 2013. Patients with diabetes mellitus, acute infection,
cardiovascular disease, liver or kidney disorder, nephrit-
ic syndrome, alcoholism, and thyroid abnormalities were
excluded.

Diagnostic and classification criteria

All the patients satisfied the 1990 American College of
Rheumatology criteria [8] and fulfilled at least three of the
following: age at disease onset ≤40 years, claudication of
the extremities, decreased brachial artery pressure, blood
pressure difference between both arms ≥10 mmHg, bruit
over the subclavian arteries or aorta, and abnormalities on
arteriography. All 132 patients underwent aortic angiog-
raphy at the time of diagnosis. They were classified into
six types (types I, IIa, IIb, III, IV, and V), according to the
International TA Conference in Tokyo 1994 angiographic
classification [9] as follows: type I, involvement of the
main branches from the aortic arch; type IIa, involvement
of the ascending aorta, aortic arch, and its branches; type
IIb, involvement of the ascending aorta, aortic arch and its
branches, and thoracic descending aorta; type III, involve-
ment of the thoracic descending aorta, abdominal aorta,
and/or renal arteries; type IV, involvement of the abdom-
inal aorta and/or renal arteries; and type V, the combined
features of types IIb and IV. The active group with disease
activity satisfied the NIH criteria [10] if at least two of the
following criteria were satisfied: systemic features (e.g.,
fever or musculoskeletal features) with no other cause
identified; elevated erythrocyte sedimentation rate; fea-
tures of vascular ischemia or inflammation, such as clau-
dication, diminished or absent pulses, bruit, vascular pain
(carotidynia), and asymmetric blood pressure in either the
upper or lower limbs (or both); and typical angiographic
features.

Laboratory measurement

Blood samples were collected early in the morning to measure
fasting lipid profiles. Serum lipids were measured using bio-
chemical assays. Serum high-sensitivity C-reactive protein
(hsCRP) and erythrocyte sedimentation rate were determined
using immunoturbidimetry (Beckmann Assay 360, Bera, CA,
USA).

Statistical analysis

The mean levels of variables were compared using ANOVA,
and the χ2 test was used for categorical variables. Compari-
sons between each combination of two groups were conduct-
ed using the Student–Newman–Keuls test. Multiple linear
regression analysis was used to determine the association
between different lipid profiles and disease activity after

adjusting the dose of glucocorticoids and other confounding
factors. The association between hsCRP and other variables
were examined by Pearson’s correlation analysis. Multivari-
able stepwise forward analysis was used to examine the inde-
pendent correlated factor of hsCRP. A p value of <0.05 in the
two-sided test was considered statistically significant. All
statistical analyses were conducted with the SPSS 19.0 statis-
tical package.

Results

Clinical characteristics

Table 1 shows the characteristics of the patients. The mean
disease duration was 10.5±8.0 and 15.0±8.6 years in patients
with active and inactive TA, respectively. A total of 49
(37.1 %) of the 132 patients had type I, and 11 patients
(8.3 %) had type II, which comprised five (3.7 %) type IIa
and six (4.5 %) type IIb. Moreover, 10 patients (7.6 %) had
type III, 22 (16.7 %) had type IV, and 40 (30.3 %) had type V.

Lipid profiles in TA patients and healthy controls

TA patients had significantly higher levels of apolipopro-
tein B (apoB) (0.97±0.30 vs. 0.84±0.19 mmol/L, p=0.01),
as well as lower levels of HDL-C (1.40±0.41 vs. 1.55±
0.37 mmol/L, p=0.05) and apolipoprotein A1 (apoA1)
(1.71±0.38 vs. 1.79±0.27 mmol/L, p=0.04), compared

Table 1 Clinical data on the TA patients

Characteristics Active TA
(n=60)

Inactive TA
(n=72)

p value

Age (years) 34.8±9.9 34.6±11.8 0.91

BMI (kg/m2) 24.9±4.8 24.3±3.9 0.89

ESR (mm/h) 43.2±19.3 9.1±4.6 <0.001

CRP (mg/dl) 23.4±19.6 4.4±2.6 <0.001

Disease duration (years) 10.5±8.0 15.0±8.6 <0.001

Percentage of hypertension (%) 70.0 66.7 0.67

Clinical classification (%)

Type I 28.3 36.1

Type II 26.7 20.8

Type III 36.7 33.3

Type IV 8.3 9.7

Use of glucocorticoids (%) 96.0 80.2 <0.001

Current prednisone dose (mg/day) 25.2±10.8 8.4±7.8 <0.001

Values are expressed in mean±SD or percentage (%)

BMI body mass index, CRP C-reactive protein, ESR erythrocyte sedi-
mentation rate, NS nonsignificant
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with the healthy controls (Table 2). The serum levels of
total cholesterol (TC) (4.35±0.96 vs. 4.80±1.13 mmol/L,
p=0.008), HDL-C (1.23±0.33 vs. 1.68±0.38 mmol/L,
p<0.001), and apoA1 (1.47±0.30 vs. 1.99±0.33 mmol/L,
p<0.001) were significantly lower in patients with active
TA compared with those in patients with inactive TA. By
contrast, the serum ratios of apoB/apoA1 (0.74±0.27 vs.
0.48±0.14 mmol/L, p<0.001), non-HDL-C/HDL-C (2.73
±1.10 vs. 2.01±0.75 mmol/L, p<0.001), and apoB/low-
density lipoprotein cholesterol (LDL-C) (0.41±0.09 vs.
0.35±0.07 mmol/L, p<0.001) were significantly higher
in patients with active TA compared with those in patients
with inactive TA. Multiple linear regression analyses indi-
cated that the apoB/apoA1 ratio had a significant positive
correlation with TA activity after adjusting for age, BMI,
glucocorticoid dose, dose of statins, classification, hyper-
tension, microalbuminuria, serum creatinine, aspartate
aminotransferase, alanine aminotransferase, TC, and tri-
glyceride (TG) (β=0.38, p=0.04) (Tables 3 and 4). No
significant association was found between different doses
of glucocorticoids and the alteration in lipid profiles, ex-
cept serum triglyceridemia.

Relationship between lipid profiles of TA and inflammation
markers

Pearson’s correlation analysis indicated that serum hsCRP
correlated positively with the ratios of apoB/apoA1 (r=0.45,
p<0.01), non-HDL-C/HDL-C (r=0.29, p=0.01), apoB/LDL-
C (r=0.33, p<0.01), and levels of apoB (r=0.23, p<0.05), but
correlated negatively with the levels of HDL-C (r=−0.36, p=
0.001) and apoA1 (r=−0.41, p<0.001). The hsCRP level was
not significantly correlated with the LDL-C level (r=− 0.03,

p=0.80) (Table 5). Multivariate stepwise forward regression
analysis was performed to estimate the independent pre-
dictor of hsCRP. In this regression formula, age, BMI,
hypertension, MAU, Scr level, TG level, TC level, HDL-
C level, apoA1 level, apoB level, apoB/apoA1 ratio, and
non-HDL-C/HDL-C ratio were used as independent var-
iables. The hsCRP level was used as the dependent
variable. The apoB/apoA1 and non-HDL-C/HDL-C ratios
and apoA1 entered the regression model, and the
apoB/apoA1 ratio was the major determinant for hsCRP
(β=0.58, p=0.002).

Table 2 Lipid profiles in TA patients and healthy controls

Parameters TA patients
(n=132)

Healthy controls
(n=100)

p value

TG (mmol/L) 1.41±0.71 1.01±0.34 <0.001

TC (mmol/L) 4.68±1.07 4.44±0.60 0.14

LDL (mmol/L) 2.63±0.87 2.70±0.60 0.09

HDL (mmol/L) 1.40±0.41 1.55±0.37 0.05

ApoA1 (g/L) 1.71±0.38 1.79±0.27 0.04

ApoB (g/L) 0.97±0.30 0.84±0.19 0.01

LP(a) (mg/L) 231.5±227.1 165.5±183.8 0.03

Non-HDL-C/HDL-C ratio 2.36±1.00 2.05±1.14 0.001

ApoB/apoA1 ratio 0.59±0.24 0.50±0.17 0.001

ApoB/LDL-C ratio 0.38±0.84 0.33±0.03 0.03

TATakayasu’s arteritis, TC total cholesterol, LDL-C low-density lipopro-
tein cholesterol, HDL-C high-density lipoprotein cholesterol, ApoA1
apolipoprotein A1, ApoB apolipoprotein B, LP(a) lipoprotein(a), Non-
HDL-C TC-HDL-C-LDL-C

Table 3 Lipid profiles on patients with active and inactive phases

Parameters Active TA
(n=60)

Inactive TA
(n=72)

p value

TG (mmol/L) 1.28±0.49 1.41±0.72 0.26

TC (mmol/L) 4.35±0.96 4.80±1.13 0.008

LDL (mmol/L) 2.61±0.88 2.65±0.89 0.82

HDL (mmol/L) 1.23±0.33 1.68±0.38 <0.001

ApoA1 (g/L) 1.47±0.30 1.90±0.33 <0.001

ApoB (g/L) 1.05±0.34 0.91±0.26 0.024

LP(a) (mg/L) 319.96±275.06 165.54±144.29 0.002

Non-HDL-C/HDL-C ratio 2.73±1.12 2.00±0.75 <0.001

ApoB/apoA1 ratio 0.74±0.27 0.48±0.14 <0.001

ApoB/LDL-C ratio 0.41±0.09 0.35±0.07 0.001

TATakayasu’s arteritis, TC total cholesterol, LDL-C low-density lipopro-
tein cholesterol, HDL-C high-density lipoprotein cholesterol, ApoA1
apolipoprotein A1, ApoB apolipoprotein B, LP(a) lipoprotein(a), Non-
HDL-C TC-HDL-C-LDL-C

Table 4 Determinants of ApoB/ApoA1 ratio in univariable and multi-
variable analysis

Univariable Analysis Multivariable Analysis
Variables r p value β p value*

Age (years) 0.12 0.22

BMI (kg/m2) 0.12 0.26

Scr (umol/L) 0.09 0.34

Hypertension 0.03 0.73

AST (IU/L) 0.02 0.87

ALT (IU/L) 0.06 0.56

MAU (mg/L) 0.24 0.02

Dose of glucocorticoid
(mg/day)

0.48 <0.001 0.03 NS

Dose of statin
(mg/day)

0.38 <0.001 0.28 0.01

Disease activity 0.53 <0.001 0.38 0.04

BMI body mass index,MAU microalbumininurine, Scr serum creatinine,
AST aspartate aminotransferase, ALT alanine aminotransferase, NS
nonsignificant

*Only statistically significant p values are shown
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Discussion

Our study demonstrated that patients with active TA had
altered atherogenic lipoprotein and apolipoprotein abnormal-
ities. The ratio of apoB to apoA1 was independently associ-
ated with disease activity. In addition, the apoB/apoA1 ratio
was the major determinant for hsCRP.

Traditional indicators, such as higher LDL-C and lower
HDL-C, are known risk factors for atherosclerosis [11]. In
recent years, studies found that apoB-containing particles are
the main triggers in the atherogenic process. Moreover, the
higher the ratios of apoB/apoA1 and non-HDL-C/HDL-C, the
more cholesterol is likely to be deposited in the arterial wall,
thereby provoking atherogenesis and increasing cardiovascu-
lar disease (CVD) risk [12–15]. TA patients exhibited serious
atherogenic lipoprotein and apolipoprotein abnormalities,
such as higher levels of LDL-C and apoB and lower levels
of HDL-C and apoA1, compared with the healthy controls in
our data. All these combined risk factors contribute to increas-
ing the CVD risk in TA patients.

Experimental studies on animals and humans suggested
that inflammation alters HDL composition [16, 17]. Consis-
tent with previous reports, our data show that patients with
active TA displayed lower levels of HDL-C and apoA1 com-
pared with patients with inactive TA. These particles were
negatively correlated with hsCRP level. Although the exact
mechanisms remain unclear, studies demonstrated that dis-
placement of HDL-apoA1 by serum amyloid A is thought to
be a major factor in inflammation-induced HDL dysfunctional
transformation. Loss of apoA1 functionality and impaired
lecithin–cholesterol acyltransferase and lipoprotein-
associated phospholipase A2 activities result in abnormal

anti-inflammatory and antioxidative activities of HDL, as well
as a reduction in circulating apoA1 levels in inflammation [18,
19].

Increases in markers of inflammation or infection are com-
monly associated with a reduction in TC and LDL-C in
primates and humans [18]. In our study, no significant chang-
es were observed in the levels of LDL-C between patients
with active and inactive TA. This finding may be due to the
fact that the effect of glucocorticoids on hyperlipidemia may
partially neutralize the circulating levels of TC and LDL-C
during inflammation [20]. Another explanation for this find-
ing is that LDL-C measurements assess the mass of choles-
terol in the LDL particle but not its number and size. LDL-C
with small particle size is called small dense LDL, which has a
potent atherosclerosis-inducing effect because of its low af-
finity for LDL receptors and susceptibility to oxidative mod-
ification [12]. Therefore, the concentration of LDL-C might
not reflect inflammatory activity in patients with TA.

In our study, the active TA group showed higher levels
of apoB and higher ratio of apoB to apoA1 than the
inactive TA group. As of this writing, the mechanism
for the increase in the apoB level during inflammation
has not been clarified. The total level of apoB is believed
to be closely correlated with the levels of small dense
LDL particles [12] and represents the total atherogenic
particle number and pro-inflammatory lipoproteins [21].
ApoB is the primary predictor of inflammatory markers in
nondiabetic postmenopausal women among various risk
parameters, including adiposity and insulin resistance
[22]. Onat et al. [23] found that serum apoB is indepen-
dently predictive of metabolic syndrome and diabetes in
women, and the predictive ability of elevated apoB levels
might be ascribed to the increase in small LDL particles
and potential role of apoB as a subclinical inflammatory
agent.

Our study found that the apoB/apoA1 ratio was the primary
determinant for hsCRP, possibly because it could reflect the
balance between concentrations of proatherogenic versus
antiatherogenic lipoprotein particles. Thus, the improvement
in apoB/apoA1 ratio might be associated with the remission of
inflammation and should be monitored as a potential indicator
of inflammatory status in TA patients. In addition, both in-
flammatory and dyslipidemia processes in TA could contrib-
ute to increased CVD risk. Inflammation also adversely af-
fected the lipid profiles in patients with active TA in our study.
Thus, the effective control of inflammatory status may sup-
press the atherosclerotic process in patients with active TA.

Glucocorticoids are the gold standard for TA treatment, and
long-term use of these drugs in high dosage is known to cause
dyslipidemia [24]. However, no significant association be-
tween the use of glucocorticoids and alteration in lipoprotein
and apolipoprotein profiles were found in this study. A high
ratio of apoB/apoA1 was independently associated with

Table 5 Pearson correlation between hsCRP and different variables

Independent variables Correlation coefficient (r) p value

Age (years) −0.24 0.02

BMI (kg/m2) −0.17 0.10

TC (mmol/L) −0.17 0.09

TG (mmol/L) −0.21 0.02

LDL-C (mmol/L) −0.03 0.80

HDL-C (mmol/L) −0.36 0.001

ApoA1 (g/L) −0.41 <0.001

ApoB (g/L) 0.23 0.05

LP(a) (mg/L) 0.21 0.05

Non-HDL-C/HDL-C ratio 0.29 0.01

ApoB/LDL-C ratio 0.33 0.003

ApoB/ApoA1 ratio 0.45 <0.001

BMI body mass index, TC total cholesterol, LDL-C low-density lipopro-
tein cholesterol, HDL-C high-density lipoprotein cholesterol, ApoA1
apolipoprotein A1, ApoB apolipoprotein B, LP(a) lipoprotein(a), Non-
HDL-C TC-HDL-C-LDL-C
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disease activity. This ratio might be used to estimate the
effectiveness of glucocorticoid treatment. The apoB/apoA1
ratio was useful in identifying the potential higher risk for
CVD, especially in the stratum of patients with normal LDL-C
levels [25]. Lipid-modifying therapy on the apolipoprotein
profiles might be an effective approach for patients with high
apoB/apoA1 ratios. Studies have confirmed that statins can be
used to modulate endothelial function and reduce inflamma-
tory processes [26]. Therefore, statins might be suggested to
TA patients for their beneficial effects on inflammation and
lipid levels.

The major limitation of this study is that its design
was cross-sectional. Longitudinal studies and interven-
tion studies are necessary to confirm the association
between lipid profiles and disease activity in TA patients.
Patients with some factors that affect lipid profiles were
excluded. Therefore, the exclusion criteria in TA patients
could limit the description of real lipid profiles in the
general TA population.

In conclusion, our findings suggest that patients with
active TA had an aggregation of proatherogenic lipoprotein
and apolipoprotein profiles. Effective anti-inflammatory
treatment should be recommended in the early stage of
TA. In addition, the ratio of apoB to apoA1 could be
monitored and controlled in patients with active TA to limit
the long-term risk of CVD.
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