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Background: The implication of the monocyte-to-high-density lipoprotein ratio
(MHR) in Takayasu arteritis (TAK) remains unclear.

Objective: We aimed to assess the predictive value of the MHR to identify
coronary involvement with TAK and determine the patient prognosis.

Methods: In this retrospective study, 1,184 consecutive patients with TAK were
collected and assessed, and those who were initially treated and with coronary
angiography were enrolled and classified according to coronary involvement or
no involvement. Binary logistic analysis was performed to assess coronary
involvement risk factors. Receiver-operating characteristic analysis was used to
determine the MHR value to predict coronary involvement in TAK. Major adverse
cardiovascular events (MACEs) were recorded in patients with TAK and coronary
involvement within a 1-year follow-up, and Kaplan—Meier survival curve analysis
was conducted to compare MACEs between them stratified by the MHR.

Results: A total of 115 patients with TAK were included in this study, and 41 of
them had coronary involvement. A higher MHR was found for TAK with coronary
involvement than for TAK without coronary involvement (P = 0.014). Multivariate
analysis showed that the MHR is an independent risk factor for coronary
involvement in TAK (odds ratio: 92.718, 95% confidence interval (C/): 2.813—
3056.291, P = 0.011). With the best cut-off value of 0.35, the MHR identified
coronary involvement with 53.7% sensitivity and 68.9% specificity [area under the
curve (AUC): 0.639, 95% CI: 0.544-0.726, P=0.010] and identified left main
disease and/or three-vessel disease (LMD/3VD) with 70.6% sensitivity and 66.3%
specificity (AUC: 0.704, 95% CI: 0.612-0.786, P = 0.003) in TAK. Combined with
other variables, the MHR identified coronary involvement with 63.4% sensitivity
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and 90.5% specificity (AUC: 0.852, 95% CI: 0.773-0.911, P < 0.001), and identified
LMD/3VD with 82.4% sensitivity and 78.6% specificity (AUC: 0.827, 95% CI:
0.720-0.934, P < 0.001) in TAK. A total of 39 patients with TAK and coronary
involvement were followed up for 1 year, and 5 patients suffered a MACE. Those
with an MHR >0.35 had a higher MACE incidence than their counterparts with an
MHR <0.35 (3 = 4.757, P = 0.029).

Conclusions: The MHR could be a simple, practical biomarker for identifying
coronary involvement and LMD/3VD in TAK and predicting a long-term

prognosis.

KEYWORDS

coronary involvement, left main, monocyte-to-high-density lipoprotein ratio,
prognosis, Takayasu arteritis, three-vessel disease

1 Introduction

Takayasu arteritis (TAK) is a systemic vasculitis with an unknown
etiology, which primarily affects the aorta and its major branches,
including coronary arteries (1). Over the last decade, its prevalence was
reported to be 8.4-108.3 per million in different parts of the world (2).
Although this disease is rare, it is more prevalent in young Asian
women (3). Coronary involvement can affect more than half of patients
with TAK, causing increased mortality (4). However, approximately
two-thirds of these individuals have no cardiac symptoms (5).
Therefore, those patients cannot be easily identified in the early
stages. Although invasive coronary angiography and non-invasive
coronary computed tomography angiography (CCTA) are
recommended to assess coronary artery disease (CAD), they are both
time-consuming and expensive, and the former is invasive and risky
(6). Several pretest probability models of CAD have been established,
and most of the variables considered were age, sex, typical cardiac
symptoms, and traditional cardiovascular risk factors, including high-
density lipoprotein cholesterol (HDL-C); however, their utility is
undermined based on meta-analysis owing to high heterogeneity in
most analyses and a lack of significance based on meta-regression
results (7). In fact, as a biomarker that combines monocyte counts and
HDL-C, the monocyte-to-high-density lipoprotein ratio (MHR) was
found to be associated with the prevalence and poor prognosis of CAD
in the general population (8, 9). However, the significance of the MHR
for patients with TAK and coronary involvement remains unclear. To
address this issue, this study aimed to assess the predictive value of the

Abbreviations: AUC, area under the curve; BMI, body mass index; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; CI, confidence
interval; CCTA, coronary computed tomography angiography; eGFR, estimated
glomerular filtration rate; ESR, erythrocyte sedimentation rate; HDL-C, high-
density lipoprotein cholesterol; ITAS, Indian Takayasu Clinical Activity Score;
LDL-C, low-density lipoprotein cholesterol; LMD, left main disease; MACE,
major adverse cardiovascular event; MHR, monocyte-to-high-density lipoprotein
ratio; PCI, percutaneous coronary intervention; ROC, receiver-operating

characteristic; TAK, Takayasu arteritis; 3VD, three-vessel disease.
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MHR to identify coronary involvement in patients with TAK and
predict their long-term prognosis.

2 Materials and methods

2.1 Patients

In this double-center, retrospective, observational study, 1,184
consecutive patients with TAK admitted to Beijing Tiantan Hospital
and Beijing Anzhen Hospital between January 2012 and December 2021
were collected and assessed. TAK was diagnosed according to the
classification criteria proposed by the American College of
Rheumatology in 1990 (10). Finally, 115 patients who were initially
treated and underwent invasive coronary angiography and/or CCTA
were enrolled and grouped according to coronary involvement.
Coronary involvement was defined as lesion stenosis >50% in any
epicardial coronary artery with a diameter =2 mm. Patient exclusion
criteria were as follows: other autoimmune diseases, malignant tumors
or infections, pregnancy, and missing data based on white blood cell
counts or serum lipid parameters (Figure 1). This study protocol was
approved by the ethics committee on human research of Beijing Tiantan
Hospital (No. KY2023-023-02) and Beijing Anzhen Hospital (No.
2022121X) and conformed to the ethical guidelines of the 1975
Declaration of Helsinki. Informed consent was obtained from
each participant.

2.2 Data collection and definitions

Medical records, including demographic data, clinical
characteristics, medical history, pharmacological history, laboratory
findings, imaging results of the aorta and its branches, and treatment
strategies at discharge, were collected. A Kerr’s score >2, Indian
Takayasu Clinical Activity Score (ITAS) 2010 >2, or ITAS-A =5 was
defined as active TAK disease (11, 12). The vascular involvement
pattern of TAK was classified as Numano type I, Ia, IIb, III, IV, and V
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Search for medical charts of patients with TAK from 2012.1.1-
2021.12.31, n=1184

A single patients’ medical charts for repeated
[ admission were merged into 1 case. Exclusion,
Y  n=706

Patients with merged medical charts, n=478

Patients without coronary angiography were

v excluded, n=249

Patients with coronary angiography, n=229

[ Patients with immunotherapy previously, n=101

\

Initial treated patients with TAK, n=128

Patients with other autoimmune disease,
> malignancy, infection, pregnancy or missing data,
\i n=13

Patients finally enrolled in this study, n=115

Y Y

TAK with coronary TAK without coronary
involvement, n=41 involvement, n=74

FIGURE 1
Consort flow chart of the study. TAK, Takayasu arteritis.

(13). Three-vessel disease (3VD) was defined as lesion stenosis >50% in
all three major epicardial coronary arteries. The body mass index
(BMI) was calculated as the weight in kilograms divided by the square
of the height in meters (kg/m?). Hypertension was defined as blood
pressure >140/90 mmHg with no antihypertensive drugs (14).
Dyslipidemia was defined as fasting levels of triglycerides >1.7 mmol/
L, total cholesterol >5.2 mmol/L, low-density lipoprotein cholesterol
(LDL-C) >3.4 mmol/L, and/or HDL-C <1.0 mmol/L (15). Diabetes
mellitus was defined as blood glucose levels 7.0 mmol/L based on
fasting conditions, >11.1 mmol/L at 2 h post-meal or at a random time,
and/or levels of glycosylated hemoglobin A1C 26.5% (16). The family
history of premature CAD was defined as the occurrence of CAD in
first-degree relatives of men <55 years or women <65 years.
The estimated glomerular filtration rate (eGFR) was calculated
using the following formula: 186xserum creatinine (mg/dl)
71'154><age70'203><0.742 (if female) (ml/min/1.73 m?) (17). An
erythrocyte sedimentation rate (ESR) >15 mm/h for men or >20
mm/h for women indicated elevated levels. The MHR was calculated
using the monocyte count divided by the HDL-C concentration.
Fasting venous blood samples from each patient were drawn the
next morning after admission. Total and differential white blood cells
were counted using an automatic hematology analyzer (XE-2100,
Sysmex, Kobe, Japan). Serum lipid profiles were collected on
an automatic biochemical analyzer (AU5400, Beckman Coulter,
USA). ESR data were missing for 2.4% of TAK patients with
coronary involvement.

2.3 Follow-up
Patients with TAK and coronary involvement were followed up

for 1 year. Major adverse cardiovascular events (MACEs) were
defined as cardiac death, non-fatal myocardial infarction,
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rehospitalization due to angina or heart failure, and repeated
coronary artery revascularization. For patients who revisited our
hospitals after discharge, follow-up data were collected from the
medical charts; for others, those were collected via the telephone.

2.4 Statistical analysis

Normally distributed numerical data were indicated as the
mean * standard deviation, and Student’s t-test was used for
comparisons between groups. Non-normally distributed
numerical data were indicated as the median and interquartile
range, and a Mann-Whitney U test was used for comparisons
between groups. Categorical data were indicated as frequency
counts and percentages, and a Chi-square test was used for
comparisons between groups. Univariate and binary logistic
regression analyses were conducted to assess the coronary
involvement risk factors. Variables were introduced into the
multivariate analysis based on the results of the univariate
analysis with a P-value <0.1 and clinical significance. Monocyte
count and the HDL-C were not introduced into multivariate
analysis together with MHR since the MHR was calculated from
them. Receiver-operating characteristic (ROC) curve analysis was
performed, and DeLong’s test was used to identify the best cut-off
value and the predictive ability of the MHR. Kaplan-Meier survival
curve analysis was applied to compare the long-term prognoses
between patients stratified based on the MHR. A statistically
significant difference was set as a two-sided P-value <0.05. IBM
SPSS Statistics (version 22.0, IBM Corp., Armonk, NY, USA) and
MedCalc (version 15.2.2, MedCalc Software, Ostend, Belgium) were
used to perform the analyses. GraphPad Prism 7 (GraphPad
Software Inc., San Diego, CA, USA) was used to generate the
line art.

3 Results

3.1 Baseline characteristics of patients with
Takayasu arteritis

Of the 115 patients with TAK enrolled in this study, the average
age was 41.40 + 12.27 years, and 101 (87.8%) were women. Twenty-
six patients underwent invasive coronary angiography, and the
other 89 underwent CCTA; 41 (35.7%) of them had coronary
involvement. The age at TAK onset was older (P = 0.041), and
the BMI was greater (P = 0.004) in patients with TAK and coronary
involvement than in those without coronary involvement. Chest
pain (P = 0.019) and palpitations (P = 0.037) were more common,
whereas limb claudication (P = 0.030) was less common in patients
with TAK and coronary involvement. A family history of premature
CAD (P = 0.010), myocardial infarction (P < 0.001), and
pharmacological history of B-blockers (P = 0.035), angiotensin-
converting enzyme inhibitor or angiotensin receptor blocker (P =
0.003), lipid-lowering drugs (P = 0.027), and diuretics usage (P =
0.007) were more prevalent in patients with TAK and coronary
involvement. Triglyceride levels (P < 0.001) were higher, whereas
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HDL-C (P = 0.026) and ITAS2010 (P = 0.043) were lower in
patients with TAK and coronary involvement. A higher MHR was
found for TAK with coronary involvement than for TAK without
coronary involvement (P = 0.014). No other differences were
identified in baseline characteristics between the groups (P >
0.05, Table 1).

3.2 Monocyte-to-high-density lipoprotein
ratio for coronary involvement in
Takayasu arteritis

For identifying coronary involvement risk factors in TAK, age,
sex, age at TAK onset, BMIL the presence of diabetes mellitus, a
family history of premature CAD, lipid-lowering therapy at
baseline, TAK disease activity, triglyceride levels, LDL-C levels,
and MHR were introduced into the multivariate analysis. Kerr’s
score, ITAS2010, and ITAS-A were not introduced into the
multivariate analysis together with TAK disease activity since the
TAK disease activity was calculated from them. After adjusting for

TABLE 1 Baseline characteristics of patients with Takayasu arteritis .

10.3389/fimmu.2023.1120245

other factors, the MHR was shown to be an independent risk factor
for coronary involvement in TAK [odds ratio: 92.718, 95%
confidence interval (CI): 2.813-3056.291, P = 0.011, Table 2].
ROC curve analysis showed that the area under the curve (AUC)
of the MHR for identifying coronary involvement in TAK
(coronary angiography as the standard) was 0.639 (95% CI:
0.544-0.726, P = 0.010), and the best cut-off value was 0.35, with
53.7% sensitivity and 68.9% specificity. Furthermore, combined
with other variables in multivariate analysis, MHR identified
coronary involvement with 63.4% sensitivity and 90.5% specificity
(AUC: 0.852, 95% CI: 0.773-0.911, P < 0.001) in TAK (Figure 2A).

3.3 Monocyte-to-high-density lipoprotein
ratio for left main disease and/or three-
vessel disease with Takayasu arteritis

Among the 115 patients with TAK, 17 (14.8%) had left main
disease and/or three-vessel disease (LMD/3VD; specifically, 11
patients with LMD, 3 with 3VD, and 3 with LMD and 3VD). The

Parameters Without coronary involvement With coronary involvement

(n=74) (n = 41)
Age, years 39.88 + 11.78 44.15 + 12.80 0.074
Male, n (%) 8 (10.8) 6 (14.6) 0.762
Age at TAK onset, years 32,15+ 11.16 37.27 £ 13.35 0.041
TAK duration, months 54.00 (12.00, 144.00) 24.00 (12.00, 120.00) 0.219
BMI, kg/m2 22.36 + 3.34 24.18 + 2.88 0.004
Symptoms, n (%)
Fever 4(5.4) 1(2.4) 0.787
Malaise 18 (24.3) 8 (19.5) 0.555
Weight loss 6 (8.1) 4(9.8) 1.000
Arthralgia 8 (10.8) 3(7.3) 0.780
Carotodynia 5 (6.8) 1(2.4) 0.576
Diminished or absent pulse 11 (14.9) 5(12.2) 0.692
Blood pressure inequality 9 (12.2) 3(7.3) 0.620
Limb claudication 29 (39.2) 8 (19.5) 0.030
Chest pain 20 (27.0) 20 (48.8) 0.019
Dyspnea 26 (35.1) 17 (41.5) 0.502
Palpitations 5 (6.8) 9 (22.0) 0.037
Medical history, n (%)
Hypertension 31 (41.9) 20 (48.8) 0.476
Dyslipidemia 20 (27.0) 16 (39.0) 0.184
Smoking 7 (9.5) 6 (14.6) 0.540
Diabetes mellitus 2(2.7) 5(12.2) 0.095
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TABLE 1 Continued

Parameters Without coronary involvement With coronary involvement

(n=74) (n =41)
Family history of premature CAD 2(2.7) 7 (17.1) 0.010
Myocardial infarction 0 (0.0) 9 (22.0) <0.001
Heart failure 16 (21.6) 15 (36.6) 0.083
Pharmacological history, n (%)
Antiplatelet agents 7 (9.5) 9 (22.0) 0.064
B-Blockers 6 (8.1) 9 (22.0) 0.035
Calcium channel blockers 13 (17.6) 10 (24.4) 0.381
ACEI/ARBs 7 (9.5) 13 (31.7) 0.003
Lipid-lowering drugs 8 (10.8) 11 (26.8) 0.027
Diuretics 3 (4.1) 9 (22.0) 0.007
Numano classification, n (%)
Type I 12 (16.2) 6 (14.6) 0.823
Type Ila 5 (6.8) 2 (4.9) 1.000
Type IIb 12 (16.2) 5(12.2) 0.561
Type IIT 3 (4.1) 2 (4.9) 1.000
Type IV 4 (5.4) 1(2.4) 0.654
Type V 38 (51.4) 25 (61.0) 0321
Active disease of TAK, n (%) 67 (90.5) 32 (78.0) 0.064
Kerr’s score 2.00 (2.00, 2.25) 2.00 (1.00, 3.00) 0.239
ITAS2010 5.00 (3.00, 8.25) 4.00 (1.00, 7.00) 0.043
ITAS-A 6.00 (3.00, 11.00) 6.00 (2.00, 9.00) 0.380
White blood cell, 10°/L 6.24 (5.34, 7.34) 6.39 (5.40, 8.12) 0.424
Neutrophil, 10%/L 3.85 (3.08, 5.04) 3.84 (3.30, 5.58) 0.645
Lymphocyte, 10°/L 1.94 %053 205 +0.63 0348
Neutrophil-to-lymphocyte ratio 2.02 (1.77, 2.67) 2.12 (1.56, 2.69) 0.998
Monocyte, 10°/L 0.34 (0.28, 0.44) 0.38 (0.31, 0.47) 0.099
eGFR, ml/min/1.73 m? 112.70 (100.30, 130.20) 115.12 (92.52, 136.83) 0.666
Triglyceride, mmol/L 1.01 (0.69, 1.26) 1.26 (0.99, 2.16) <0.001
Total cholesterol, mmol/L 4.19 + 1.02 4.63 + 1.31 0.052
LDL-C, mmol/L 2.52 +0.87 2.88 +1.15 0.062
HDL-C, mmol/L 1.13 (0.96, 1.44) 1.00 (0.88, 1.18) 0.026
Elevated ESR, n (%) 26 (35.1) 21 (52.5) 0.072
Hs-CRP, mg/L 1.99 (0.57, 10.18) 2.41 (1.07, 17.36) 0.340
MHR 0.31 (0.22, 0.39) 0.36 (0.27, 0.50) 0.014

Normally distributed numerical variables (e.g., age, age at TAK onset, BMI, lymphocyte, total cholesterol, and LDL-C) were indicated as the mean + standard deviation, and Student’s t-test was
used for comparisons between groups. Non-normally distributed numerical variables (e.g., TAK duration, Kerr’s score, ITAS2010, ITAS-A, white blood cell, neutrophil, neutrophil-to-
lymphocyte ratio, monocyte, eGFR, triglyceride, HDL-C, hs-CRP, and MHR) were indicated as the median (P25, P75), and a Mann-Whitney U test was used for comparisons between groups.
Categorical data (e.g., sex, symptoms, medical history, pharmacological history, Numano classification, active disease of TAK, and elevated ESR) were indicated as n (%), and a Chi-square test
was used for comparisons between groups. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery disease; eGFR,
estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; ITAS, the Indian Takayasu
Clinical Activity Score; LDL-C, low-density lipoprotein cholesterol; MHR, monocyte-to-high-density lipoprotein ratio; TAK, Takayasu arteritis. P-values <0.05 are shown in bold.
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TABLE 2 Risk factors for coronary involvement and left main disease and/or three-vessel disease in patients with TAK.

Parameters

For coronary involvement

Univariate analysis

Multivariate analysis

For LMD/3VD

Univariate analysis Multivariate analysis

OR 95% (I P- OR 95% ClI P- OR 95% Cl/ P- OR 95% (I P-
value value value value
Age 1.030 0.997- 0.076 0.983 0.920- 0.601 1.019 0.975- 0.401 1.013 0.957- 0.648
1.065 1.049 1.064 1.073
Sex 0.707 0.227- 0.549 1.864 0.352— 0.464 0.590 0.146— 0.459 0.773 0.146— 0.761
2.200 9.867 2.383 4.081
Age at TAK onset 1.036 1.003- 0.033 1.032 0.968- 0.332 1.027 0.984- 0.217
1.071 1.101 1.072
BMI 1.199 1.054- 0.006 1.098 0.937- 0.250 1.257 1.051- 0.012 1.238 0.993- 0.058
1.363 1.286 1.504 1.544
Diabetes mellitus 5.000 0.925- 0.062 5.386 0.717- 0.102 0.958 0.108- 0.970
27.041 40.439 8.499
Family history of 7.412 1.462—- 0.016 6.688 1.015- 0.048 1.733 0.328- 0.517
premature CAD 37.585 44.071 9.150
Lipid-lowering therapy at 3.025 1.104- 0.031 4.368 1.150- 0.030 2.500 0.763— 0.130 3.665 0.856— 0.080
baseline 8.287 16.592 8.192 15.696
Active disease of TAK 0.371 0.127- 0.071 0.189 0.044- 0.026 0.714 0.180- 0.631
1.087 0.819 2.828
Monocyte 6.438 0.374- 0.200 5.523 0.157- 0.347
110.839 194.145
Triglyceride 3.702 1.804- <0.001 2.955 1.333- 0.008 1.953 1.100- 0.022 1.559 0.762— 0.224
7.597 6.550 3.468 3.189
LDL-C 1.446 0.974- 0.067 1.618 0911- 0.101 1.572 0.966— 0.069 1.438 0.795- 0.230
2.147 2.873 2.559 2.600
0.364 0.104- 0.114 0.022 0.002- 0.005
HDL-C
1.276 0.318
1.000 0.982- 0.984 1.009 0.989- 0.363 1.021 0.995- 0.109
Hs-CRP
1.019 1.030 1.048
MHR 21.612 1.662— 0.019 92.718 2.813- 0.011 60.208 2.855- 0.008 52.130 1.027- 0.048
281.116 3056.291 1269.687 2645.651

BMI, body mass index; CAD, coronary artery disease; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density
lipoprotein cholesterol; LMD/3VD, left main disease and/or three-vessel disease; MHR, monocyte-to-high-density lipoprotein ratio; OR, odds ratio; TAK, Takayasu arteritis. P-values <0.05 are

shown in bold.

BMI was greater (P = 0.009); chest pain (P = 0.024) and myocardial
infarction (P = 0.002) were more prevalent in patients with TAK
and LMD/3VD than in those without LMD/3VD. Levels of
triglyceride (P = 0.021) and high-sensitivity C-reactive protein
(P = 0.022) were higher, whereas HDL-C levels (P = 0.001) were
lower in patients with TAK and LMD/3VD. A higher MHR
was found for TAK with LMD/3VD than for TAK without
LMD/3VD (P = 0.007). No other differences were identified
in baseline characteristics between the groups (P > 0.05,
Supplementary Table 1).

For identifying LMD/3VD risk factors in TAK, age, sex, BMI,
lipid-lowering therapy at baseline, triglyceride levels, LDL-C levels,
high-sensitivity C-reactive protein levels, and MHR were
introduced into the multivariate analysis. After adjusting for other
factors, the MHR was shown to be an independent risk factor for
LMD/3VD in TAK (odds ratio: 52.130, 95% CI: 1.027-2,645.651,
P=0.048, Table 2). ROC curve analysis showed that the AUC of the
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MHR for identifying LMD/3VD in patients with TAK (coronary
angiography as the standard) was 0.704 (95% CI: 0.612-0.786,
P = 0.003), and the best cut-off value was 0.35, with 70.6%
sensitivity and 66.3% specificity. Furthermore, combined with
other variables in multivariate analysis, the MHR identified LMD/
3VD with 82.4% sensitivity and 78.6% specificity (AUC: 0.827, 95%
CI: 0.720-0.934, P < 0.001) in TAK (Figure 2B). Figure 3 shows
images for LMD in a patient with TAK with an MHR of 0.66.

3.4 Monocyte-to-high-density lipoprotein
ratio for major adverse cardiovascular
events in Takayasu arteritis with

coronary involvement

Among 41 patients with TAK and coronary involvement, 39
(95.1%) were followed up for 365.00 (365.00, 365.00) days, and 5 (5/
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Receiver-operating characteristic curves of the monocyte-to-high-density lipoprotein ratio (MHR) in patients with Takayasu arteritis (TAK). (A) MHR for
identifying coronary involvement and (B) for identifying left main disease and/or three-vessel disease (with coronary angiography as the standard). The
baseline risk model A includes age, sex, age at TAK onset, body mass index, diabetes mellitus, a family history of premature coronary artery disease, lipid-
lowering therapy at baseline, TAK disease activity, triglyceride, and low-density lipoprotein cholesterol. The baseline risk model B includes age, sex, body
mass index, lipid-lowering therapy at baseline, triglyceride, low-density lipoprotein cholesterol, and high-sensitivity C-reactive protein.

39, 12.8%) suffered a MACE. As shown in Table 3, the monocyte
count was higher (P = 0.001), and HDL-C levels were lower (P <
0.001) in patients with a high MHR (MHR >0.35, 21 cases) than in
patients with a low MHR (MHR <0.35, 18 cases). There were 11
patients with a high MHR who underwent revascularization [4
patients with percutaneous coronary intervention (PCI), 6 patients
with coronary artery bypass grafting (CABG), and 1 patient with
both PCI and CABG], while none with a low MHR underwent
revascularization. CABG was more prevalent in patients with a high
MHR (P = 0.010). In addition, 5 of the 11 patients who underwent
coronary artery revascularization did not start immunosuppressive
therapy at discharge.

During the 1-year follow-up, five patients with a high MHR (5/
21, 23.8%) suffered a MACE (one man who underwent CABG and
received no immunosuppressive therapy died of acute myocardial
infarction on day 9, one man with methotrexate and tocilizumab
usage rehospitalized owing to angina and underwent PCI at day 93,
one man who underwent PCI with stent implantation and received
no immunosuppressive therapy suffered a non-fatal myocardial
infarction at day 175, one woman who underwent CABG and
received glucocorticoids (0.5mg/kg/d) in combination with
methotrexate and tocilizumab rehospitalized owing to angina and
heart failure at day 298, and one woman with tocilizumab usage
rehospitalized owing to heart failure at day 359, after discharge).

FIGURE 3

Images for coronary involvement in Takayasu arteritis. A 24-year-old woman with newly diagnosed Takayasu arteritis complicated with old
myocardial infarction and heart failure presented with dyspnea for 1 year and had an monocyte-to-high-density lipoprotein ratio of 0.66. (A)
Reconstructed imaging of coronary computed tomography angiography (CCTA); CCTA demonstrates severe stenosis in the left main coronary artery
(B) (yellow arrows), and normal vessels of the left anterior descending coronary artery (C), the left circumflex coronary artery (D), and the right

coronary artery (E).
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TABLE 3 Clinical characteristics, laboratory findings, and treatment strategies of follow-up patients with TAK and coronary involvement.

Parameters MHR <0.35 (n = 18) MHR >0.35 (n = 21) P-value
Age, years 45.44 + 12.24 44.00 + 13.49 0.730
Male, n (%) 1(5.6) 5(23.8) 0.190
Age at TAK onset, years 39.00 (29.75, 45.00) 37.00 (25.50, 51.50) 0.666
TAK duration, months 24.00 (12.00, 120.00) 24.00 (12.00, 96.00) 0.813
BMI, kg/m2 23.52 + 3.04 25.06 + 2.52 0.094
Symptoms, n (%)
Fever 1(5.6) 0 (0.0) 0.462
Malaise 4(22.2) 3 (14.3) 0.682
Weight loss 0 (0.0) 3 (14.3) 0.235
Arthralgia 3 (16.7) 0 (0.0) 0.089
Carotodynia 1(5.6) 0 (0.0) 0.462
Diminished or absent pulse 3 (16.7) 2(9.5) 0.647
Blood pressure inequality 1(5.6) 2(9.5) 1.000
Limb claudication 4(22.2) 4 (19.0) 1.000
Chest pain 5(27.8) 13 (61.9) 0.054
Dyspnea 5(27.8) 11 (52.4) 0.192
Palpitations 5(27.8) 3(14.3) 0.432
Medical history, n (%)
Hypertension 6(33.3) 14 (66.7) 0.056
Dyslipidemia 8 (44.4) 8 (38.1) 0.752
Smoking 2(11.1) 4(19.0) 0.667
Diabetes mellitus 3 (16.7) 2(9.5) 0.647
Family history of premature CAD 3 (16.7) 4 (19.0) 1.000
Myocardial infarction 2 (11.1) 7 (33.3) 0.139
Heart failure 3 (16.7) 10 (47.6) 0.051
Numano classification, n (%)
Type I 3 (16.7) 3 (14.3) 1.000
Type Ila 1(5.6) 1(4.8) 1.000
Type IIb 3(16.7) 2(9.5) 0.647
Type TIT 1(5.6) 1(48) 1.000
Type IV 0 (0.0) 1(4.8) 1.000
Type V 10 (55.6) 13 (61.9) 0.752
Active disease of TAK, n (%) 12 (66.7) 18 (85.7) 0.255
White blood cell, 10°/L 6.76 = 2.05 6.95 +1.92 0.768
Neutrophil, 10%/L 3.77 (2.82, 5.38) 3.93 (3.48, 5.75) 0.490
Lymphocyte, 10°/L 207 +0.72 208 +0.55 0.993
Neutrophil-to-lymphocyte ratio 2.10 (1.48, 2.67) 2.09 (1.57, 2.62) 0.602
Monocyte, 10°/L 0.33 £ 0.08 0.44 +0.10 0.001
eGFR, mL/min/1.73 m? 116.17 + 33.70 115.00 + 28.74 0.907
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TABLE 3 Continued

EICINEES

MHR <0.35 (n = 18)

10.3389/fimmu.2023.1120245

MHR >0.35 (n = 21)

Triglyceride, mmol/L 1.20 (0.97, 1.95) 1.67 (1.03, 2.39) 0.269
Total cholesterol, mmol/L 4.77 + 1.30 4.53 + 1.42 0.595
LDL-C, mmol/L 2.87 £ 1.14 290 +1.24 0.923
HDL-C, mmol/L 1.19 (1.05, 1.42) 0.92 (0.82, 1.00) <0.001
Elevated ESR, n (%) 8 (44.4) 11 (55.0) 0.746
Hs-CRP, mg/L 2.08 (0.45, 16.92) 2.97 (1.34, 8.03) 0.364
Treatment at discharge, n (%)
Glucocorticoids 8 (44.4) 10 (47.6) 1.000
Immunosuppressants 10 (55.6) 11 (52.4) 1.000
Immunosuppressive therapy 10 (55.6) 14 (66.7) 0.477
Antiplatelet agents 15 (83.3) 18 (85.7) 1.000
B-blockers 7 (38.9) 14 (66.7) 0.113
Calcium channel blockers 4(22.2) 6 (28.6) 0.726
ACEI/ARBs 5(27.8) 11 (52.4) 0.192
Statins 15 (83.3) 16 (76.2) 0.702
Diuretics 3 (16.7) 5(23.8) 0.702
Percutaneous coronary intervention 0 (0.0) 5(23.8) 0.050
Coronary artery bypass grafting 0 (0.0) 7 (33.3) 0.010
Follow-up time, days 365.00 (365.00, 365.00) 365.00 (362.00, 365.00) 0.213

Normally distributed numerical variables (e.g., age, BMI, white blood cell, lymphocyte, monocyte, eGFR, total cholesterol, and LDL-C) were indicated as the mean + standard deviation, and a
Student’s t-test was used for comparisons between groups. Non-normally distributed numerical variables (e.g., age at TAK onset, TAK duration, neutrophil, neutrophil-to-lymphocyte ratio,
triglyceride, HDL-C, hs-CRP, and follow-up time) were indicated as the median (P25, P75), and a Mann-Whitney U test was used for comparisons between groups. Categorical data (e.g., sex,
symptoms, medical history, Numano classification, active disease of TAK, elevated ESR, and treatment at discharge) were indicated as n (%), and a Chi-square test was used for comparisons
between groups. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery disease; eGFR, estimated glomerular filtration
rate; ESR, erythrocyte sedimentation rate; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; MHR,
monocyte-to-high-density lipoprotein ratio; TAK, Takayasu arteritis. P-value <0.05 are shown in bold.

However, no patients with a low MHR suffered a MACE. Kaplan-
Meier survival curve analysis showed that patients with a high MHR
had a higher MACE rate than those with a low MHR (X2 =4757, P
= 0.029; Figure 4).

4 Discussion

This study explored the value of the MHR for patients with
TAK and coronary involvement. Our findings showed that it is an
independent risk factor for coronary involvement with TAK and
could be used to identify coronary involvement and LMD/3VD in
TAK. Further, during the 1-year follow-up period, patients with a
high MHR had a higher MACE rate than those with a low MHR in
TAK with coronary involvement.

As compared with the general population, a higher prevalence
of subclinical atherosclerosis and cardiovascular events in patients
with autoimmune diseases such as rheumatoid arthritis, systemic
lupus erythematosus, and systemic vasculitis including TAK has
been extensively documented (18-20). However, the mechanism
underlying cardiovascular events relevant to autoimmune diseases
has not been completely elucidated. It seems to occur as a result of

Frontiers in Immunology

the accelerated atherosclerosis caused by prolonged endothelial
activation in a proinflammatory environment and a
prothrombotic and procoagulant state, combined with traditional
cardiovascular risk factors (21, 22). In fact, as a well-established
traditional cardiovascular risk factor, dyslipidemia can accelerate
both inflammation and atherosclerosis in these conditions, while
oxidized low-density lipoprotein is now recognized as a bridge
between autoimmunity and atherosclerosis (23, 24). However, Giles
etal. (25) found that patients with rheumatic arthritis have a heavier
atherosclerotic burden in their coronary arteries, but their serum
HDL-C concentrations are significantly higher compared with
healthy controls. It indicates that a lipid paradox should been
considered with rheumatic diseases. Kang et al. (5) reported
coronary artery abnormalities in 53.2% of patients with TAK
based on CCTA, whereas 66.1% of these patients did not have
cardiac symptoms. As coronary angiography is relatively complex
and tends to be performed on patients with cardiac symptoms in
clinical practice, a simple laboratory screening test for coronary
involvement in TAK would be of great value to mitigate missed
diagnoses. Monocytes are involved in the inflammatory responses
and contribute to all stages of atherosclerosis, whereas HDL-C can
suppress the pro-oxidative and proinflammatory effects of
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FIGURE 4

Cumulative incidence of major adverse cardiovascular events (MACEs) in patients with Takayasu arteritis and coronary involvement stratified by the
monocyte-to-high-density lipoprotein ratio (MHR). Low MHR: MHR <0.35; high MHR: MHR >0.35.

monocytes by inhibiting the activation of CD11b integrin (26, 27).
As a laboratory biomarker calculated from peripheral white blood
cell differential counts and serum lipid levels, the MHR can be easily
obtained. Recently, the MHR was reported to be an indicator related
to the prevalence of CAD in the general population (8). We
hypothesized that the MHR, an indicator combining monocyte
counts with HDL-C levels, may be also a promising biomarker for
predicting coronary involvement in TAK. Consistent with this, we
found the MHR was significantly higher in patients with TAK and
coronary involvement compared with those without coronary
involvement. However, this difference may be underestimated. In
this study, there was a 16.0% higher prevalence of lipid-lowering
drug usage in patients with coronary involvement than in those
without coronary involvement at baseline. Statin usage, as a
dominant lipid-lowering therapy, has been recommended to be a
significant primary or secondary prevention strategy of CAD, which
might mildly increase HDL-C levels and decrease the MHR
correspondingly (15).

Both traditional factors (such as age) and disease-related factors
(such as Numano type V) have been found to be related to coronary
involvement in TAK (4, 28). In the present study, ITAS2010 values
increased in patients without coronary involvement compared to
those with coronary involvement; however, no significant
differences were detected in Kerr’s score or ITAS-A values.
Although the three assessment tools are all designed to quantify
disease activity for TAK, they have some differences in items. For
example, different from the other two disease activity scores,
ITAS2010 includes only clinical findings and physical
examination items. Nevertheless, acute-phase reactants are not
included in ITAS2010, which might explain the inconsistency of
findings in assessing TAK disease activity between ITAS2010 and
Kerr’s score or ITAS-A values. In multivariate analysis, non-active
disease was found to be a risk factor for coronary involvement in
TAK. It indicates that the vessel damage secondary to vasculitis
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might be more prominent than coronary arteritis in coronary
involvement with TAK. Consistent with that, premature
atherosclerosis as well as increased arterial stiffness occurred
independently from atherosclerosis have been observed in TAK
(29). Interestingly, a negative correlation was found for the arterial
stiffness with peripheral neutrophil-to-lymphocyte ratio, neutrophil
counts, and white blood cell counts, whereas a positive correlation
was found for that with lymphocyte counts in patients with active
TAK (30). However, as no significant differences in these peripheral
blood cell parameters were detected between groups, there might be
a similar arterial stiffness in TAK patients with coronary
involvement and those without coronary involvement. In the
univariate analysis, the MHR rather than HDL-C level was found
to be a risk factor for coronary involvement in TAK. It was also true
for the MHR after adjusting for other traditional cardiovascular risk
factors, disease-related factors, and lipid-lowering therapy at
baseline. Specifically, each 1 unit increase in the MHR was
associated with a 92.7-fold increased risk of coronary
involvement. In addition, our results confirmed that the MHR is
a valuable biomarker for predicting coronary involvement in TAK.
Furthermore, our results showed that the prevalence of LMD/3VD
in patients with TAK and coronary involvement (41.5%) was higher
than that reported in the general population in previous studies
(20%-36%) (31). This indicates that not only atherosclerosis but
also vasculitis contribute to coronary stenosis in TAK (32). LMD/
3VD is associated with high mortality and adverse events in CAD
(31). However, CABG has been demonstrated to provide
significantly better long-term outcomes than PCI for patients
with 3VD (33). Therefore, the early identification of LMD/3VD
would be of great significance in determining optimal treatment
strategies. Our results showed that each 1 unit increase in the MHR
was associated with a 52.1-fold increased risk of LMD/3VD in
patients with TAK. The MHR, as a simple and practical biomarker,
could serve as an indicator for identifying LMD/3VD in patients
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with TAK. Notably, combined with other variables, the MHR could
get better sensitivity and specificity for identifying coronary
involvement or LMD/3VD.

A MACE has been found in 12.8% of patients with TAK and
coronary involvement during 1-year follow-up in our study. Meta-
analysis showed that the MHR is associated with MACEs in patients
with acute coronary syndrome (27). However, to the best of our
knowledge, the prognostic utility of the MHR for patients with
autoimmune diseases and coronary involvement has not been
explored. To further verify the value of MHR in predicting the long-
term prognosis in TAK with coronary involvement, we compare the 1-
year MACEs between patients stratified by the best cut-off value with
an MHR of 0.35 for coronary involvement. Interestingly, our results
showed that all of the five patients suffered 1-year MACEs had a high
MHR at baseline, and patients with an MHR >0.35 had a 23.8% higher
prevalence of MACEs than those with an MHR <0.35. It indicates that
patients with a high MHR also should be paid more attention to MACE
occurrence than those with a low MHR in TAK and coronary
involvement. Furthermore, several other clinical factors such as
active disease at baseline and male sex, as well as PCI, have been
demonstrated to be associated with a worse long-term prognosis for
TAK with coronary stenosis (34, 35). Similar to that, there was a
nearly 44% higher prevalence of a 1-year MACE occurrence in male
patients with TAK and coronary involvement than in their female
counterparts. In terms of those with TAK underwent coronary artery
revascularization, we found that two of the five patients with no
immunosuppressive therapy suffered a MACE within 6 months after
discharge, compared to only one of the other six patients
with immunosuppressive therapy suffered a MACE nearly 10
months after discharge. Similarly, Liu et al. (36) reported that
all the seven patients with isolated coronary arteritis who
underwent revascularization and did not receive immunosuppressive
therapy suffered restenosis within 6 months. However,
long-term stability had been obtained after receiving systemic
glucocorticoids in combination with immunosuppressants, especially
cyclophosphamide, appropriately. Therefore, for patients with TAK
and coronary involvement, especially those with an MHR >0.35,
optimal disease control might reduce the MACE incidence and
improve their long-term outcomes. Moreover, individual exercise
prescription may be helpful to the rehabilitation of cardiovascular
disease for patients with TAK (37).

The present study had several limitations. Although it was a
double-center study, a selection bias may have existed owing to its
retrospective and observational design. In addition, we did not
exclude patients who were taking lipid-lowering therapy at baseline,
in order to reduce selection bias. In addition, although our results
were clear, TAK is a rare disorder, and the sample size of patients
with TAK and coronary involvement was relatively small. Our
findings should be confirmed by future multicenter, large-sized
prospective studies.

5 Conclusions

Our study demonstrates that the MHR could be a simple and
practical biomarker for identifying coronary involvement and
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LMD/3VD in TAK and for predicting the patient prognosis.
Patients with a high MHR should be paid more attention to
coronary involvement and MACE occurrence than those with a
low MHR in TAK.
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