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Abstract

Background: Serum small dense low-density lipoprotein cholesterol (sdLDL-C) and
lipoprotein(a) [Lp(a)] levels are related to coronary disease, but their specific asso-
ciations with coronary arteriostenosis in Takayasu arteritis (TA) have not been ascer-
tained. This study explored the correlations between serum sdLDL-C and Lp(a) levels
and coronary arteriostenosis in TA patients as well as the degree of artery stenosis.
Methods: This retrospective study included 190 TA patients and 154 healthy sub-
jects. TA patients were divided into three categories based on the degree of coronary
stenosis: Group |, stenosis >50%; Group I, stenosis 1%-50%; and Group lll, stenosis
0%. Independent risk factors for coronary arteriostenosis in TA were identified by
logistic regression, followed by receiver operating characteristic curve analysis to de-
termine the specificity and sensitivity of risk factors and Youden's Index score calcula-
tion to determine the cutoff points.

Results: Takayasu arteritis patients had significantly higher serum levels of sdLDL-C
and Lp(a) than healthy controls (p < 0.0001). The total cholesterol, triglyceride, LDL-C,
sdLDL-C, and Lp(a) levels and the sdLDL-C/LDL-C ratio in Group | were significantly
higher than those in Groups Il and Il (p < 0.05). An elevated serum sdLDL-C level
elevated the risk of coronary arteriostenosis by 5-fold (cutoff value, 0.605 mmol/I).
An increased serum Lp(a) level increased the risk of coronary arteriostenosis by 3.9-
fold (cutoff value, 0.045 g/l). An elevated sdLDL-C/LDL-C ratio increased the risk of
coronary arteriostenosis by 2.1-fold (cutoff value, 0.258).

Conclusions: Serum sdLDL-C and Lp(a) levels and sdLDL-C/LDL-C ratio may be used

as diagnostic factors for coronary arteriostenosis in TA patients.
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1 | INTRODUCTION

Takayasu arteritis (TA) is a rare vasculitis that mainly involves
the aorta and its major branches.! TA is mainly seen in young
women aged 20-40 years and is most often encountered in
Japan, Southeast Asia, India, and Mexico.? Froving and Loken
first reported coronary arteriostenosis in TA in 1951.% Since
then, the incidence of coronary arteriostenosis in TA has varied
in literature reports, depending on the study location and co-
hort. For example, some studies have reported that 10%-30% of

411 and another study

TA patients had coronary arteriostenosis,
reported 7.7%.*%2 However, research has consistently shown that
coronary arteriostenosis is a risk factor for adverse outcomes
and increased mortality in TA patients.’®*> Due to nonspecific
clinical features, TA patients with coronary arteriostenosis might
be misdiagnosed or inappropriately treated.'? As a result, detec-
tion of coronary stenosis in TA patients principally depends on
computed tomography angiography (CTA); however, CTA can
only detect 53.2% coronary stenosis in TA patients.*® Therefore,
it is imperative to develop methods for accurate and timely di-
agnosis of TA patients with coronary arteriostenosis to facilitate
appropriate clinical management. The identification of blood
biomarkers for TA with coronary arteriostenosis has been an ac-
tive area of research in the field.

Dyslipidemia plays a role in the pathogenesis of TA, and the
lipid profiles in TA patients are pro-atherogenic.'”*® A previous
study has shown that abnormal lipid metabolism, an elevated
ratio of apolipoprotein B (apoB)/apolipoprotein Al (apoA1l), and
reduced levels of apoAl and high-density lipoprotein cholesterol
(HDL-C) are associated with higher disease activity in TA,*” and
these results were confirmed in other studies.!??? These findings
support the premise that abnormal lipid profiling is closely linked
to the development of TA.

Small dense low-density lipoprotein cholesterol (sdLDL-C) is
small and highly dense relative to other LDL-C particles and thought
to be more atherogenic than the large buoyant LDL (lb-LDL) due
to greater penetration into the arterial wall, a prolonged plasma
half-life, lower hepatic LDL receptor affinity, and higher suscepti-

23,24

bility to oxidation. sdLDL-C is independently correlated with

the progression of atherosclerosis in the Chinese population.25'28
However, whether the serum sdLDL-C level is correlated with TA
involving the coronary arteries is not clear. Lipoprotein(a) (Lp(a)),
including the major components LDL-C, apoA, and apoB,?? has long
been considered an independent risk factor for coronary disease.*°
Although one case report showed a significantly elevated serum

level of Lp(a) in a TA patient,’!

no systemic study has been per-
formed to examine the link between serum levels of Lp(a) and TA
involving the coronary arteries. This study aimed to explore the re-
lationship between serum sdLDL-C and Lp(a) levels and the disease
activity of TA patients, and whether elevated serum sdLDL-C and
Lp(a) concentrations can be used as diagnostic factors in Chinese

TA patients.

2 | MATERIALS AND METHODS

2.1 | Patient selection

One hundred ninety TA patients who were diagnosed with TA
based on the criteria defined by the 1990 American College of
Rheumatology (ACR) and were treated between September 2015
and August 2019 at Beijing Anzhen Hospital were registered in
this retrospective study.32 Additionally, 154 healthy controls were
screened during their physical examinations and enrolled in this
study. If TA patients had other autoimmune disorders, they were ex-
cluded from the subsequent study. Based on the Numano criteria,
TA was divided into six subtypes (I, lla, IlIb, lll, IV, and V) by cath-
eterography or CTA,%334 TA disease activity was assessed accord-
ing to the criteria recommended by Kerr et al.®® The patients with
TA underwent CTA examination first, and radiologists determined
whether patients had coronary stenosis. If the results of CTA were
abnormal, patients need to undergo coronary angiography to decide
the degree of stenosis. According to the findings of coronary angi-
ography, the patients were divided into three categories: Group |,
coronary stenosis >50%; Group Il, coronary stenosis 1%-50%; and
Group lll, coronary stenosis (0%). Therefore, Groups | and Il had cor-
onary arteriostenosis. All participants signed an informed consent
form. This study was authorized by the Ethics Committee of Beijing
Anzhen Hospital, Capital Medical University.

2.2 | Laboratory measurement

Early in the morning, venous blood samples were obtained from
fasting TA patients and healthy controls. Our team previously com-
pared methods for measuring sdLDL-C,*¢ and a Beckman AU5400
(US) automatic biochemical analyzer was used in the present study
to measure novel and traditional lipid parameters and biochemical
indicators, including the sdLDL-C, Lp(a), total cholesterol (TC), LDL-
C, HDL-C, and triglyceride (TG) concentrations within 5-6 h after
sample collection. The Sysmex XE-2100 was used to determine com-
plete blood counts. The experiments were accomplished following
the manufacturer's instructions. In addition, all measurements were
analyzed using the continuous monitoring method, and appropriate
quality control was carried out before these analyses.

2.3 | Statistical analysis of data

The statistical analyses were performed using SPSS 23.0 (SPSS Inc.).
The measurement data were tested for normality. The normal dis-
tribution data are presented as mean + standard error of the mean
(SEM) and were compared with an independent sample t-test. Data
with a skewed distribution are presented as median and interquartile
range (25%, 75%Q) and were contrasted with the Mann-Whitney-
Wilcoxon test. The chi-square test or Fisher's exact test was used to
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compare with counting data. One-way analysis of variance (ANOVA) or
the Kruskal-Wallis test followed by Dunn's post hoc test was used to
compare differences in variables among three or more groups. When
a p-value was <0.05, the Mann-Whitney-Wilcoxon test or unpaired
Student's t-test was used to perform multiple comparisons between
two groups. Logistic regression was used to determine independent
risk factors for TA patients with coronary arteriostenosis. Receiver
operating characteristic (ROC) curves were used to determine the
specificity and sensitivity of novel and traditional risk factors for coro-
nary stenosis >50% and coronary arteriostenosis. The cutoff values
of diagnostic indicators were determined by Youden's Index scores
(sensitivity+specificity-1). A p-value <0.05 was regarded as statisti-

cally meaningful.

3 | RESULTS

3.1 | Clinical features of participants

In the present study, 190 TA patients (women, 93.7%; mean age,
36.03 + 12.70 years) and 154 healthy controls (women, 88.3%;
mean age, 38.03 + 9.07 years) were enrolled. In TA patients, the
three most common clinical symptoms were malaise (74.2%), head-
ache (50.0%), and chest distress (28.6%), and Numano V type was
the most common subtype. Also, 47 TA patients had active disease
according to the NIH criteria. Detailed demographic and baseline

clinical characteristics of these participants are given in Table 1.

3.2 | Comparison of clinical manifestations and
outcomes between active and inactive TA patients

As shown in Figure 1, TA patients had higher TC, TG, LDL-C, Lp(a),
and sdLDL-C concentrations and a significantly higher sdLDL-C/
LDL-Cratio than the healthy controls. TA patients with active disease
had a higher incidence of claudication than those with inactive dis-
ease (p = 0.018). Four TA patients with active disease had Numano
subtype lla, whereas no cases of Numano lla were found in TA pa-
tients with inactive disease (p = 0.003). Also, patients with active TA
had significantly lower serum HDL-C levels (p < 0.0001) but higher
LDL-C levels (p = 0.037) than those with inactive TA. However, there
were no significant differences in the serum sdLDL-C and Lp(a) levels
between patients with active and inactive TA. The clinical details of

active and inactive TA patients are presented in Table 2.

3.3 | Comparison of clinical manifestations and
outcomes between TA patients with and without
coronary arteriostenosis

TA patients were assigned to three groups based on the degree of
coronary stenosis: Group | (n = 21), at least one site of coronary ste-
nosis >50%; Group Il (n = 19), at least one site of coronary stenosis

WILEY- 2™

TABLE 1 Clinical characteristics of TA patients

No. of TA patients, n (%)

Constitutional symptoms

Fever 8(4.21)
Malaise 135 (71.05)
Arthralgia/arthritis 12 (6.32)
Headache 91 (47.89)
Chest distress/pain 52 (27.37)
Carotidynia 16 (8.42)
Active® 47 (24.74)
Vascular findings
Claudication 15(7.89)
Bruits 127 (66.84)
Weakened pulse 143 (75.26)
Pulse deficit 58 (30.53)
Asymmetric BP 104 (54.74)
Hypertension 90 (47.37)
Coronary artery involvement 21 (11.05)
(stenosis >50%)
Coronary artery involvement 19 (10.00)
(stenosis 1-50%)
Numano subtypes
| 9 (4.74)
IE} 4(2.11)
Ib 36(18.95)
m 7 (3.68)
v 17 (8.95)
\% 117 (61.58)

Abbreviations: BP, blood pressure; TA, Takayasu arteritis.
Italic values are statistically significant.
2According to the National Institutes of Health (NIH) criteria.

1-50%; and Group Il (n = 150), no coronary stenosis (0%). The onset
age of Groups Il and Il patients was lower than that of Group | pa-
tients (p < 0.05). Numano subtype V was mainly observed in the
Group | patients (76.19%). There were significant differences in
the frequencies of systemic symptoms among patients of Group |,
Group I, and Group Il (p < 0.05), including arthralgia/arthritis, head-
ache, and chest tightness/pain. For results related to vascular reac-
tion, there were significant differences in the frequencies of pulse
deficit, asymmetric blood pressure, and hypertension in the Group
I, Group Il and Group Ill (p < 0.05) patients. Concerning the lipid
parameters, Group | had higher TC, TG, LDL-C, sdLDL-C, and Lp(a)
levels and a higher sdLDL-C/LDL-C ratio compared with Groups Il
and lll (p < 0.05, Table 3 and Figure 1). The variables that showed
significant differences between the three groups (Table 3) were used
in the multiple logistic regression models.

Multiple logistic regression analyses showed that sdLDL-C (stan-
dardized p = 3.285, p = 0.005, OR = 5.706), Lp(a) (standardized
B =2.699, p =0.019, OR = 3.858), sdLDL-C/LDL-C (standardized
B =3.769,p <0.0001, OR = 2.115), and age (standardized p = 0.140,
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FIGURE 1 Comparison of serum concentrations of sdLDL-C and Lp(a) among the different groups. A, Serum sdLDL-C concentrations
were significantly different between TA patients and healthy subjects; B: serum Lp(a) concentrations were significantly different between TA
patients and healthy subjects (p < 0.0001); C: Group Il and Il patients had lower sdLDL-C concentrations than Group | patients (p < 0.05); D:
Group | patients had a higher Lp(a) concentration than Group Il and Il patients (p < 0.05). TA, Takayasu arteritis; Group |: coronary stenosis
>50% in TA patients; Group Il: coronary stenosis 1%-50% in TA patients; and Group Ill: coronary stenosis (0%) in TA patients

p < 0.0001, odds ratio [OR] = 1.151) were independent risk factors
for coronary arteriostenosis in TA after adjustment for TC and TG
levels (Table 4). The ROC curve analysis results for risk factors for

coronary arteriostenosis in TA are given in Table 5.

3.4 | Determination of cutoff values for
sdLDL-C and Lp(a) for predicting coronary
arteriostenosis in TA

A serum cutoff point of 0.605 mmol/Il for sdLDL-C maximized the
diagnostic efficacy in assessing coronary arteriostenosis in TA,
with a sensitivity of 60.00% and a specificity of 79.30% (Table 5).
A serum cutoff value of 0.045 g/L for Lp(a) maximized the diag-
nostic efficacy in assessing coronary arteriostenosis in TA, with

a sensitivity of 95.00% and a specificity of 37.30% (Table 5).
Table 6 shows the ROC curve analysis results for risk parame-
ters for coronary stenosis >50% in TA. A serum cutoff point of
0.665 mmol/I for sdLDL-C maximized the diagnostic efficacy in as-
sessing coronary stenosis >50%, with a sensitivity of 81.00% and
a specificity of 84.00% (Table 6). A serum cutoff point of 0.185 g/L
for Lp(a) maximized the diagnostic efficacy in assessing coronary
stenosis >50%, with a sensitivity of 66.70% and a specificity of
78.10% (Table 6).

4 | DISCUSSION

To the best of our knowledge, this was the first study to investi-
gate the correlations between serum sdLDL-C and Lp(a) levels and
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TABLE 2 Demographic and clinical characteristics and laboratory findings of TA patients with active and inactive disease

HC (n = 154) TA (n = 190) p-value Active (n = 47) Inactive (n = 143) p-value

Female 136 (88.31%) 178 (93.68%) A2 44 (93.62%) 134 (93.71%) .983
Age (years) 38.03 + 9.07 36.03 +12.70 .620 35.79 + 12.06 36.11 + 12.94 972
Constitutional symptoms

Fever - 8(4.21%) - 3(6.38%) 5(3.50%) .663

Malaise - 135(71.05%) - 34 (72.34%) 101 (70.63%) .822

Arthralgia/arthritis - 12 (6.32%) - 2(4.26%) 10 (6.99%) 746

Headache - 91 (47.89%) - 20 (42.55%) 71 (49.65%) .398

Chest distress/ - 52 (27.37%) - 14 (29.79%) 38(26.57%) .668

pain

Carotidynia - 16 (8.42%) - 3(6.38%) 13 (9.09%) .782
Vascular findings

Claudication = 15 (7.89%) = 8(17.02%) 7 (4.90%) .018

Bruits = 127 (66.84%) = 30 (63.83%) 97 (67.83%) .613

Pulsation = 143 (75.26%) = 34 (72.34%) 109 (76.22%) .592

weakened

Pulse deficit = 58 (30.53%) = 11 (23.40%) 47 (32.87%) 222

Asymmetric BP - 104 (54.74%) = 23 (48.94%) 81 (56.64%) .357

Hypertension = 90 (47.37%) = 27 (57.45%) 63 (44.06%) 111
Laboratory data

TC 3.16 (2.79-3.59) 3.92(3.32-4.49) <.0001 3.96 (3.32-4.55) 3.91(3.31-4.47) .898

TG 0.90(0.63-1.13) 1.17 (0.72-1.36) <.0001 1.29(0.69-1.63) 1.13(0.73-1.31) .540

HDL-C 1.43 (3.81-4.56) 1.38(1.13-1.58) .052 1.20(1.01-1.38) 1.44(1.19-1.65) 0.0001

LDL-C 1.48 (1.20-1.72) 2.11(1.59-2.52) <.0001 2.29+0.80 2.05+0.67 .037

sdLDL-C 0.50(0.40-0.58) 0.51 (0.32-0.64) .084 0.57(0.34-0.72) 0.49 (0.32-0.59) .103

Lp(a) 0.12(0.02-0.09) 0.15(0.03-0.19) <.0001 0.16 (0.05-0.23) 0.15(0.03-0.19) .245

sdLDL-C/LDL-C 0.35(0.27-0.42) 0.24 (0.19-0.26) <.0001 0.24 (0.18-0.27) 0.23(0.19-0.26) 965

WBC 5.59 (4.26-6.30) 7.24 (4.91-8.40) <.0001 7.40(5.68-8.11) 7.19 (4.71-8.50) 406

Hb 133.99 123.30 <.0001 120.45+14.41 124.24+14.67 .088

(125.00-138.00) (114.75-133.00)
PLT 257.17 238.02 .004 264.55+80.61 229.30+60.49 .011
(216.00-300.00) (193.75-278.25)
ALT 14.40 (9.00-19.00) 21.39 (11.00-24.00) .002 19.57(9.00-20.00)  21.99 135
(11.00-26.00)
Scr 59.88 (52.50-68.20) 54.62 (46.75-61.28) <.0001 54.51 54.66 966
(44.70-63.30) (47.20-60.70)
ESR 5.58 (3.00-8.00) 10.00 (3.00-12.00) .001 19.66 6.80(2.00-9.00) <.0001
(10.00-23.00)

hs-CRP 0.90(0.37-1.03) 3.74 (0.13-2.29) .283 9.49 (1.15-14.88) 1.85(0.08-1.17) <.0001
Numano subtypes

| = 9 (4.74%) = 3(6.38%) 6 (4.20%) .829

Ila = 4(2.11%) = 4 (8.51%) 0(0.00%) .003

IIb = 36 (18.95%) = 6(12.77) 30 (20.98%) .213

1 = 7 (3.68%) = 3(6.38%) 4(2.80%) 493

\Y = 17 (8.95%) = 3(6.38%) 14 (9.78%) .678

\ = 117 (61.58%) = 28 (59.58%) 89 (62.24%) .745

Note: Abbreviations: ALT, alanine aminotransferase; BP, blood pressure; ESR, erythrocyte sedimentation rate; Hb, hemoglobulin; HC, healthy
controls; HDL-C, high-density lipoprotein cholesterol; hs-CRP, hypersensitive C-reactive protein; LDL-C, low-density lipoprotein cholesterol; Lp(a),
lipoprotein(a) ; PLT, platelet count; Scr, serum creatinine; sd-LDL-C, small dense low-density lipoprotein cholesterol; TA, Takayasu arteritis; TC, total
cholesterol; TG, triglycerides; WBC, white blood cell count.

Italic values are statistically significant.
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TABLE 3 Demographic and clinical characteristics and laboratory findings in TA patients with coronary artery involvement
Group | (n = 21) Group Il (n = 19) Group Il (n = 150) p-value

Female 18 (85.71%) 19 (100.00%) 9 (6.00%) .188

Age (years) 50.57 + 11.66*° 42.63 +9.62° 33.16 + 11.46° <.0001

Constitutional symptoms
Fever 0(0.00%) 2(10.53%) 6 (4.00%) 291
Malaise 18 (85.71%) 17 (89.47%) 101 (67.33%) .045
Arthralgia/arthritis 0(0.00%)? 7 (36.84%)° 5(3.33%) <.0001
Headache 2(9.52%)*° 9 (47.37%) 80 (53.33%) .001
Chest distress/pain 21 (100.00%)*" 6(31.58%) 25 (16.67%) <.0001
Carotidynia 0 (0.00%) 0 (0.00%) 16 (10.67%) 136

Vascular findings
Claudication 3(14.29%) 1(5.26%) 11 (7.33%) .551
Bruits 15(71.43%) 16 (84.21%) 96 (64.00%) .200
Pulsation weakened 15(71.43%) 16 (84.21%) 112 (74.67%) .572
Pulse deficit 13 (61.90%)*° 0(0.00%)° 45 (30.00%) <.0001
Asymmetric BP 18 (85.71%)° 12 (63.16%) 74 (49.33%) .004
Hypertension 19 (90.48%)? 9 (47.37%) 62 (41.33%) <.0001

Laboratory data
TC 4.30 (3.94-4.70)*" 3.87(3.30-4.18) 3.87(3.26-4.35)" .016
TG 2.11(1.23-2.16)*P 1.09 (0.74-1.32) 1.05 (0.68-1.23)¢ <.0001
HDL-C 1.23(1.02-1.43)° 1.32(1.15-1.63) 1.41(1.17-1.60) .099
LDL-C 2.33(1.97-2.61)° 2.11(1.49-2.47) 2.07 (1.59-2.44) .073
sdLDL-C 0.82 (0.68-0.95)*° 0.52(0.36-0.63) 0.46 (0.31-0.58)" <.0001
Lp(a) 0.31(0.13-0.45)*" 0.22(0.06-0.30) 0.12(0.03-0.18)¢ <.0001
sdLDL-C/LDL-C 0.35 (0.30-0.38)*° 0.25(0.22-0.27)° 0.22(0.18-0.24)¢ <.0001
WBC 6.18 (4.51-6.97) 6.31(4.15-8.01) 7.51(5.08-8.63) 152
Hb 119.57 (100.00-136.00) 124.37(119.00-133.00) 123.69 (115.00-132.25) 364
PLT 208.05 (141.50-281.50) 256.00(159.00-345.00) 239.94 (201.00-276.00) .214
ALT 31.90 (20.00-39.00)*" 33.21(12.00-31.00) 18.42 (10.00-21.00)¢ <.0001
Scr 57.66 (44.95-64.95) 53.55 (47.40-58.30) 54.33(46.83-61.05) 917
ESR 10.43 (5.00-12.50) 11.00 (3.00-20.00) 9.78 (2.25-11.00) 612
hs-CRP 1.47 (0.16-1.98) 5.39(0.11-8.65) 3.82(0.11-2.79) .294

Numano subtypes
| 0 (0.00%) 0 (0.00%) 9 (6.00%) .553
lla 0 (0.00%) 2 (10.53%) 2 (1.33%) .066
Ib 5(23.81%) 3(15.79%) 28 (18.67%) 795
] 0 (0.00%) 1(5.26%) 6 (4.00%) .625
v 0 (0.00%) 0 (0.00%) 17 (11.33%) .087
\% 16 (76.19%) 13 (68.42%) 88 (58.67%) .250

Abbreviations: ALT, alanine aminotransferase; BP, blood pressure; ESR, erythrocyte sedimentation rate; Group I, TA patients with a site of coronary
artery stenosis >50%; Group II, TA patients with a site of coronary artery stenosis <50%; Group lll, TA patients without coronary artery stenosis; Hb,
hemoglobulin; HDL-C, high-density lipoprotein cholesterol; hs-CRP, hypersensitive C-reactive protein; LDL-C, low-density lipoprotein cholesterol;
Lp(a):lipoprotein(a); PLT, platelet count; Scr, serum creatinine; sd-LDL-C, small dense low-density lipoprotein cholesterol; TA, Takayasu arteritis; TC,
total cholesterol; TG, triglycerides; WBC: white blood cell count.

Italic values are statistically significant.

*The difference between Group | and Group Il is statistically significant.

PThe difference between Group | and Group Il is statistically significant.

‘The difference between Group Il and Group lll is statistically significant.

9The difference between patients with stenosis (Groups | and I1) and those without (Group 11l is statistically significant.
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. . Standardized  Standard Wald 95% confidence
independent risk factors of coronary 2 X
. L . 1] error x interval OR p-value

artery involvement by multivariate linear

regression analysis Age 0.140 0.035 15720 1.074-1.233 1.151 <.0001
TC -0.628 0.410 2.348 0.325-1.757 0.534 125
TG 0.146 0.326 0.201  0.125-2.015 1.708 .654
sdLDL-C 3.285 1.460 5.064 0.215-3.020 5.706 .005
Lp(a) 2.699 1.338 4,068 0.731-3.991 3.858 .019
sdLDL-C/ 3.769 2.981 1.438 1.271-3.344 2.115 <.0001

LDL-C

Note: Abbreviations: Lp(a), lipoprotein(a); OR, odds ratio; sd-LDL-C, small dense low-density
lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.

Italic values are statistically significant.

TABLE 5 Sensitivity and specificity of risk factors for coronary artery involvement of TA

Cutoff point Youden's Index AUC
sdLDL-C 0.605 0.393 0.739
Lp(a) 0.045 0.323 0.700
sdLDL-C/LDL-C 0.258 0.560 0.821
TC 3.595 0.228 0.601
TG 1.035 0.375 0.727
LDL-C 2.175 0.188 0.574

Sensitivity (%) Specificity (%) 95% CI p-value
60.0 79.3 0.655-0.827 <.0001
95.0 37.3 0.614-0.786 <.0001
70.0 86.0 0.751-0.890 <.0001
77.5 45.3 0.510-0.693 .049

77.5 40.0 0.643-0.812 <.0001
57.5 61.3 0.478-0.671 149

Note: Abbreviations: AUC, area under the receiver operating characteristic (ROC) curve; Cl, confidence interval; LDL-C, low-density lipoprotein
cholesterol; Lp(a), lipoprotein(a); sd-LDL-C, small dense low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.

TABLE 6 Sensitivity and specificity of risk factors for coronary stenosis (>50%) in TA patients

Cutoff point Youden's Index AUC
sdLDL-C 0.665 0.650 0.863
Lp(a) 0.185 0.448 0.777
sdLDL-C/LDL-C 0.273 0.745 0.916
TC 4.41 0.394 0.693
TG 1.215 0.597 0.853
LDL-C 2.385 0.353 0.653

Sensitivity (%) Specificity (%) 95% Cl p-value
81.0 84.0 0.796-0.930 <.0001
66.7 78.1 0.682-0.872 <.0001
85.7 88.8 0.868-0.963 <.0001
61.9 77.5 0.597-0.790 .004

85.7 74.0 0.784-0.922 <.0001
61.9 734 0.552-0.754 .022

Note: Abbreviations: AUC, area under the receiver operating characteristic (ROC) curve; Cl, confidence interval; LDL-C, low-density lipoprotein
cholesterol; Lp(a), lipoprotein(a); sd-LDL-C, small dense low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.

coronary arteriostenosis in Chinese TA patients. We found TA pa-
tients had higher concentrations of serum sdLDL-C and Lp(a) than
healthy controls. After grouping patients by the degree of coronary
stenosis, Group | had significantly higher levels of sdLDL-C and Lp(a)
than Groups Il and Ill. We further identified that serum sdLDL-C and
Lp(a) levels and sdLDL-C/LDL-C ratio may be used as diagnostic fac-
tors for coronary arteriostenosis in TA patients.

Takayasu arteritis is a rare autoimmune inflammatory vasculitis.
The prolongation of the process of inflammatory hyperplasia of the
arterial intima and contraction of the fibrous matrix and the adventi-
tia of the ascending aorta together cause coronary stenosis in TA pa-
tients.®” Acceleration of atherosclerosis caused by vasculitis may be
another mechanism behind coronary arteriostenosis in TA.8 The rate
of coronary arteriostenosis in TA is relatively low, and several studies

have reported an incidence of coronary arteriostenosis in TA between
7% and 30%,%” rates which are consistent with the incidence of ~21%
in the present study. The prognosis of TA patients with coronary ar-
teriostenosis is often poor, and many patients die of cardiac events.’
Hence, it is necessary to make an early diagnosis in TA patients, es-
pecially in the prestenotic phase, and coronary revascularization
and bypass grafting should be undertaken promptly during the sta-
ble stage for TA patients.*>** Previously, inflammatory factors such
as the erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) level have been used to evaluate the activity of TA.*? Indeed, in
the present study, we also detected significant differences in the ESR
and CRP levels between active and inactive TA patients. However,
no specific serum marker that can identify coronary arteriostenosis in
patients with TA has been previously reported.
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According to its size and density, sdLDL-C, a subclass of LDL-
C, has a greater tendency for endothelial infiltration and is asso-
ciated with a higher susceptibility to atherogenesis.“’44 sdLDL-C
has a lower affinity for LDL receptors, resulting in a longer pe-
riod of particle retention in circulation and increased sensitiv-
ity to glycosylation, oxidation, and scavenger receptor uptake.**
In addition, sdLDL-C is more susceptible to oxidation and pro-
teoglycan binding, consequently resulting in increased arterial
thickness.*® Therefore, sdLDL-C has a higher atherogenic profile.
Relevant studies have shown that the determination of sdLDL-C s
helpful in risk assessment and the determination of cardiovascu-
lar residual risk.*® Recent studies have shown that some diseases
including obesity,44'45 metabolic syndrome (MetS),4>47:48 sys-

5051 are associated

temic hypertension,*” and hepatic diseases
with high sdLDL-C concentrations. Moreover, the sdLDL-C/
LDL-C ratio has been used as an alternative risk indicator in some
comorbidities associated with the cardiovascular system.*>47-54
In line with the previous findings, in the present study, we found
that TA patients had higher sdLDL-C levels than the healthy sub-
jects and that the Group | TA patients had a higher sdLDL-C level
than the patients in Groups Il and Ill, supporting the notion that
serum sdLDL-C levels are correlated with the severity of coro-
nary stenosis in TA patients.

Lp(a), a LDL-like lipid fraction, is a highly pro-atherogenic lipid
fraction and believed to contribute to the pathogenesis of athero-
sclerosis by carrying oxidized phospholipid (OxPL).>> Several stud-
ies have suggested a strong association between increased Lp(a)
and cardiovascular disease, including stroke, and aortic stenosis.’®
Also, Lp(a) was shown to be positively correlated with interleukin

(IL)-6 and CRP after acute myocardial infarcts,’”>®

indicating its in-
volvement in immune and pro-inflammatory responses. Similar to
sdLDL-C, in the present study, we also found that TA patients had a
higher Lp(a) level than the healthy participants and that Group | had
higher Lp(a) levels than Groups Il and lll, indicating that serum Lp(a)
levels are associated with TA severity.

Abnormal blood lipid levels occur in many autoimmune diseases
and are involved in all stages of the inflammatory process and the
pathophysiology of different chronic autoimmune diseases such as
systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and
multiple sclerosis.”” Moreover, dyslipidemia plays a key role in the
formation of atherosclerosis in SLE patients.®®-%2 Abnormal lipid me-
tabolism is also present in TA patients”*”?2; however, no studies
have evaluated the associations of serum sdLDL-C and Lp(a) levels
with disease activity and coronary arteriostenosis until now. In the
present study, although we did not find a close correlation between
serum sdLDL-C and Lp(a) levels and TA activity, our results showed
that an elevated serum level of sdLDL-C increased the risk of cor-
onary arteriostenosis in TA by 5.7-fold. The cutoff values for the
serum sdLDL-C level for indicating coronary stenosis (>50%) were
0.605 and 0.665 mmol/l, respectively, with appreciable specificity
and sensitivity levels. Similarly, an elevated Lp(a) level increased the
risk of coronary arteriostenosis in TA by 3.9-fold, with cutoff values
for coronary stenosis (>50%) of 0.045 and 0.185 g/L, respectively,

and appreciable specificity and sensitivity. In addition, an elevated
sdLDL-C/LDL-C ratio increased the risk of coronary arteriostenosis
in TA by 2.1-fold, with cutoff values for coronary stenosis (>50%) of
0.258 and 0.273, respectively, and appreciable specificity and sen-
sitivity. Therefore, evaluating the threshold of serum sdLDL-C and
Lp(a) levels and sdLDL-C/LDL-C ratio in clinical practice may enable
clinicians to assess the risk of coronary arteriostenosis in TA patients
as well as the degree of coronary stenosis, thus guiding appropriate
clinical management of these patients.

The limitations of this study should be noted. First, this was a
single-center, retrospective study, which had some intrinsic short-
comings including sampling bias. Also, we did not take into consid-
eration the potential effects of the treatments on serum levels of
sdLDL-C and Lp(a). Thus, our conclusions should be further corrobo-
rated in the future by multi-center, prospective clinical studies.

In conclusion, we report here that TA patients had higher serum
sdLDL-C and Lp(a) concentrations than healthy individuals. Also,
TA patients with coronary arteriostenosis had significantly higher
serum levels of sdLDL-C and Lp(a) than those without coronary ar-
teriostenosis. Additionally, serum sdLDL-C and Lp(a) concentrations
and the sdLDL-C/LDL-C ratio might be used as diagnostic factors for
coronary arteriostenosis in TA patients.
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