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The relationship between triglyceride/
high-density lipoprotein cholesterol ratio
and coronary microvascular disease
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Abstract

Background As a novel marker of insulin resistance, the ratio of triglyceride/high-density lipoprotein cholesterol
(TG/HDL-C) has been recently reported to be related to the occurrence of coronary artery diseases. However, no
research has been conducted to probe whether the TG/HDL-C ratio is associated with the occurrence of coronary
microvascular disease (CMVD).

Aim This study investigates the association between the TG/HDL-C ratio and the occurrence of CMVD.

Methods This study included 175 patients diagnosed with CMVD in the Department of Cardiology of our

hospital from October 2017 to October 2021 as the study group and 175 patients with no chest pain, no history

of cardiovascular disease and drug use, and negative results of exercise treadmill testing as the non-CMVD group.
The clinical data of the two groups were compared. In addition, the risk factors of CMVD were analyzed with logistic
regression, and the efficacy of independent risk factors in predicting CMVD was analyzed with a receiver operating
characteristic (ROC) curve.

Results Compared with those in the non-CMVD group, the proportion of females, the incidence of hypertension and
type 2 diabetes, the level of platelet count, TG, and C-reactive protein, and the ratio of TG/HDL-C were increased in the
CMVD group, accompanied by decreased levels of albumin and HDL-C (P< 0.05). Logistic regression results revealed
C-reactive protein (the area under the ROC curve [AUC] value: 0.754; 95% confidence interval [Cl]: 0.681-0.827), sex
(the AUC value: 0.651; 95%Cl: 0.571-0.730), aloumin (the AUC value: 0.722; 95%Cl: 0.649-0.794), and TG/HDL-C ratio
(the AUC value: 0.789; 95%Cl: 0.718-0.859) as the independent risk factors of CMVD.

Conclusion The TG/HDL-C ratio is an independent risk factor for the occurrence of CMVD.

Keywords Coronary microvascular disease, Coronary angiography, Insulin resistance, Triglyceride/high-density
lipoprotein cholesterol ratio
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Introduction

The coronary artery system is composed of three impor-
tant parts, including the large epicardial coronary artery,
anterior arteriole, and arteriole. Specifically, the nearest
epicardial coronary artery is about 0.5-5.0 mm in diam-
eter and is the generalized coronary artery. The anterior
arteriole is located in the middle part, whose diameter
is approximately 100-500 um. Arterioles of <100 pum in
diameter constitute the distal portion of the coronary
artery, which is the last part. As reported, the stenosis of
epicardial coronary arteries is associated with the occur-
rence of several diseases, such as angina pectoris and
myocardial ischemia. In addition, mounting studies have
confirmed that coronary microvascular disease (CMVD)
can also lead to coronary artery blood flow disorder and
myocardial ischemia [1].

CMVD refers to a clinical syndrome with objective evi-
dence of angina pectoris or myocardial ischemia resulting
from abnormal structure or function of anterior arteri-
oles and arterioles. As reported, over 35% of patients with
stable angina pectoris and around 10-15% of patients
with acute coronary syndrome exhibit no large epicardial
coronary artery occlusion following coronary angiogra-
phy [2] and are ultimately diagnosed with CMVD. More-
over, CMVD is associated with an increased incidence
of major adverse cardiovascular events, which seriously
affects the prognosis of CMVD patients [3].

CMVD lacks specific clinical manifestations since it
primarily manifests as angina pectoris, which underlies
the difficulty in distinguishing CMVD from angina pec-
toris induced by obstructive coronary artery disease.
Currently, exercise stress testing is the traditional method
for the diagnosis of CMVD [4]. Nevertheless, the study
by Mygind et al. showed the low sensitivity and specific-
ity of exercise stress testing for the diagnosis of CMVD
[5]. Additionally, cardiac magnetic resonance, positron
emission tomography, transthoracic doppler echocar-
diography, and dynamic myocardial perfusion computed
tomography can be used to evaluate coronary vascular
function. Regrettably, the use of these examination meth-
ods in clinical practice is greatly limited by their high
cost, complex operation, and high radiation dose. There-
fore, it is of enormous significance to find a simple indi-
cator that can predict CMVD occurrence in patients with
angina pectoris or high-risk factors for coronary artery
disease.

As risk factors for cardiovascular disease, dyslipidemia
is attributable to the imbalance of triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C), and high-
density lipoprotein cholesterol (HDL-C), which are criti-
cal constituents of human lipid fraction [6]. Of note, an
epidemiological study revealed that lipid-related ratio
complexes were superior to single lipid markers in pre-
dicting cardiovascular disease risk [7].
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The TG/HDL-C ratio was first identified by Gaziano
et al. [8] as an indicator of atherosclerosis. Furthermore,
a subsequent study exhibited that the TG/HDL-C ratio
had better potential than other blood lipid indicators
in predicting insulin resistance and the levels of athero-
genic small and low-density lipoproteins [9]. In addi-
tion, another study demonstrated that the TG/HDL-C
ratio was more valuable than other single lipid markers
because it could reflect the complex interaction between
lipoprotein metabolism and better predict the occurrence
of plasma atherosclerosis [1]. A growing body of evidence
supports that the TG/HDL-C ratio, in addition to its sim-
plicity and practicality, carries predictive value for car-
diovascular events and may be of clinical implication.

At present, no studies on the association between the
TG/HDL-C ratio and CMVD are available. In this study,
we, therefore, delved into the association between the
TG/HDL-C ratio and CMVD, thus providing novel ideas
for the early diagnosis of CMVD in patients with angina
pectoris and then improving the prognosis of CMVD
patients.

Methods

In this research, we selected 705 patients with suspected
angina pectoris who underwent coronary angiography
from October 2019 to October 2021 in our hospital.

The exclusion criteria of patients were as follows:
patients previously undergoing percutaneous coro-
nary intervention surgery and coronary artery bypass
transplantation; patients with new myocardial infarc-
tion within 3 months and valvular heart disease (mitral
stenosis, mitral regurgitation, aortic stenosis, and aortic
incompetence); patients with cardiomyopathy (dilated
cardiomyopathy, hypertrophic cardiomyopathy, restric-
tive cardiomyopathy, and myocarditis), pulmonary
thromboembolism, anemia, active bleeding, or bleed-
ing tendency ;lipid-lowering treatment or drugs that
affect blood lipids before admission; patients with severe
hepatic and renal insufficiency: alanine aminotransferase
or aspartate aminotransferase>3 times the upper limit of
normal and glomerular filtration rate<60 mL-min™'.(1.73
m?)7}; patients with severe heart failure (left ventricular
ejection fraction<35%), left ventricular hypertrophy (left
ventricular wall>12 mm in echocardiography); patients
with blood system diseases, malignant tumors, severe
infections, trauma, and autoimmune diseases.

All patients discontinued vasoactive drugs (calcium
antagonists, angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, and nitrates) at least 5
days before study enrollment.

Additionally, 388 healthy subjects were selected from
the population with negative results of exercise treadmill
testing, no chest pain, and no history of cardiovascular
disease and drug use in the physical examination center
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of our hospital in 2021. The age and gender of control
subjects were adjusted with the propensity score match-
ing method, and, eventually, 175 subjects were selected
as the control group.

All procedures were carried out in accordance with
the Declaration of Helsinki and under approval from the
human ethics committee of each institution. After being
fully informed of the purpose of the research, all partici-
pants signed a written consent form to agree to the use of
their medical information for the research.

Definition of CMVD

705 patients suspected of coronary microvascular disease
underwent coronary angiography. CMVD was defined as
not only without epicardial spasm but also lactic acid lev-
els between intracoronary and coronary sinuses in ACh-
provocation test were increased (the results are positive)
or adenosine triphosphate induced coronary flow reserve
ratio (ATP-CFR) was below 2.5 if lactic acid levels were
decreased.(The specific diagnosis process is described in
Fig. 1.)

Angiographical identification of epicardial spasm

The positive coronary angiography (CAG) result of cor-
onary artery spasm in the ACh-provocation test was
defined as “transient, complete, or subtotal occlusion
(>90% stenosis)”.
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Lactate measurement in the ACh-provocation test
Myocardial ischemia was assessed by detecting increased
production of lactate in coronary artery circulation.
Coronary sinus lactate production was measured with
the ACh stimulation test only in left coronary arteries
because the coronary sinus discharges blood from the left
coronary artery system rather than from the right coro-
nary artery system. Paired blood samples were simulta-
neously collected with coronary sinus catheters from
aortic roots (ARs) and coronary sinuses (CSs) at three
time points: when no drug was administered to left coro-
nary arteries, when 100 pg ACh was administered to left
coronary arteries, and when isosorbide dinitrate (ISDN)
was administered to left coronary arteries.

Lactic acid yields were calculated with the follow-
ing formula: [lactate (AR) — lactate (CS)]/lactate (AR) x
100(%). This ratio is negative in subjects without myo-
cardial ischemia and positive in patients with myocardial
ischemia.

Intracoronary ACh-provocation test

ACh chloride (20 pg,50 pg, and 100 pg) was injected into
the left coronary artery three times within 30 s, followed
by CAG 1 min after each stimulation. Each dose of ACh
chloride was administered at an interval of 5 min. Sub-
sequently, 50 pg ACh was injected into the right coro-
nary artery without the FloWire before CAG. After the

’ 705 patients suspected of coronary microvascular disease ‘
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Fig. 1 The diagnosis of coronary microvascular disease



Liao et al. BMC Cardiovascular Disorders (2023) 23:228

Table 1 Comparison of general clinical data between CMVD
group and non-CMVD group
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Table 2 Comparison of laboratory data between the CMVD
group and the Non-CMVD group

Variable CMVD group Non-CMVD P Variable CMVD group Non-CMVD P
n=175 group value n=175 group value
n=175 n=175
Age years 5783+1094 5768+11.73 0.846 White blood cells(10%/L) 596+1.55 575+1.62 0.249
Female 110(62.86) 80(45.71) 0.029 Red blood cell(10%/L) 4424043 435+049 0.097
Body Mass Index(kg/mz) 2446+12.76 241141308 0.733 Hemoglobin(g/L) 134.86+12.82 13254+13.77 0.133
Heart rate at admission(bpm) 7226+1128 7165+1252 0423 Platelet count(10%/L) 201.33+£57.08 121.96+57.78  0.043
Hypertension 76(43.43) 39(22.28) 0.021 Neutrophil(10°/L) 338+146 325+1.10 0.334
Type 2 Diabetes 95(54.29) 30(17.14) 0.017 Creatinine(umol/l) 66.78+£14.62  64.24+£14.51 0.164
Left ventricular ejection fraction 78(44.57) 52(29.71) 0.158 Crp(mg/L) 3.62+6.58 210+4.77 0.022
between 35% and 60% Albumin(g/L) 30074317 431541 0.039
Smoke 80(45.71) 60(34.29) 0.379 ALT(U/L) 1864+877  20.75+809 0.085
Drinking 36(20.57) 26(14.86) 0.768 AST(U/L) 23.07+£1041 221241193 0.194
HDL-C(mmol/l) 091+0.22 1.28+0.57 0.013
administration of ISDN and coronary angiography at an  LDL-C(mmol/) 2394077 2354079 0.563
interval of 10 min, ATP (150 pg/kg/min) was adminis-  TC(mmol/) 443102 4.12+097 0.144
tered via the central vein until maximal hyperemia was  TGIM(P,s,P;5),umol/L)] 237(1.81,3.29) 1.04(0.82,1.38)  0.006
achieved. Next, ATP-CFR was calculated with the fol-  FBG(mmol/) 5.06+1.81 477+1.16 0327
lowing formula: average peak velocity (AVP; hyperemia)/  TG/HDL-CIM(P,sP;s)umol/L)] 248(1.763.66) 092(0.61,1.24) <0.001
APV (after ISDN administration).According to the guide- ALT:Alanine  aminotransferas; AST:Aspartate aminotransferase; ~Crp:C-

lines of the Japanese Circulation Society, adenosine tri-
phosphate—induced coronary flow reserve (ATP-CFR)
scores also were measured for the diagnosis of microvas-
cular coronary dysfunction in non-obstructive coronary
atherosclerotic heart disease.

Data collection

General clinical data were collected from the electronic
medical record system after patients were admitted to the
hospital. Elbow venous blood (4 mL) was obtained from
each enrolled patient on an empty stomach on the day
post-admission, followed by routine blood and biochemi-
cal index tests in anticoagulant tubes. Hypertension was
diagnosed based on the standard definition of the 2020
international society of Hypertension Global Hyperten-
sion Practice Guidelines [10], while type 2 diabetes was
diagnosed as per the recommendations of the American
Diabetes Association [11].

Statistical analysis

SPSS 26.0 data software was utilized for statistical analy-
sis. Initially, the normal distribution of all measurement
data was tested. Then, the data conforming to normal
distribution were exhibited as meantstandard devia-
tion and compared between the two groups with the
T-test. Data with skewed distribution were summarized
as M (P25, P75) and compared between the two groups
with the non-parametric test. Count data were displayed
as example (%) and compared between the two groups
with the rank sum test. The risk factors of CMVD in the
enrolled patients were analyzed with multivariate logis-
tic regression. A receiver operating characteristic (ROC)
curve was plotted to evaluate the diagnostic efficiency

reactive protein; FBG: Fasting blood glucose; HDL-C:High-density lipoprotein
cholesterol; LDL-C:Low density lipoprotein cholesterol; TC:total cholesterol;
TG:triglyceride

of the TG/HDL-C ratio for CMVD. All tests were two-
sided, and a difference with P<0.05 was considered sta-
tistically significant.

Results

Comparison of clinical data between the two groups

There was no significant difference between the CMVD
and non-CMVD groups in terms of age, body mass index,
heart rate at admission, and the proportion of smokers,
alcohol drinkers, and patients with left ventricular ejec-
tion fraction of 35-60%. Meanwhile, the proportion of
females and patients with hypertension and type 2 dia-
betes was higher in the CMVD group than in the non-
CMVD group (P<0.05,Table 1).

Comparison of laboratory data between the two groups
Compared with the non-CMVD group, the CMVD group
had higher levels of platelet count, C-reactive protein
(Crp), and TG and ratio of TG/HDL-C but lower levels of
albumin and HDL-C (P<0.05, Table 2).

Multivariate Logistic regression analysis

The logistic regression analysis was performed by involv-
ing clinical indicators with statistically significant dif-
ferences, which showed that Crp, albumin, TG/HDL-C
ratio, and sex were independent risk factors for CMVD
(P<0.05,Table 3).
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Table 3 Binary Logistic regression analysis of risk factors for CMVD

Variable B SE Wald OR Value 95%Cl P value
Hypertension 0.140 0.084 0.540 1.158 0.677-1.854 0.360
Diabetes 0.890 0.202 2.836 0.873 0.464-1.083 0.093
Blood platelet 0428 0.251 1.294 1.273 0.925-1.861 0.255
TG 0.347 0.133 4.036 1.382 1.104-1.737 0.048
Crp 1.014 0.277 3.792 1.683 1.140-3.456 0.011
Albumin 0.722 0.330 4.824 2.052 1.080-3.905 0.028
HDL-C 0.295 0.154 4.019 0.730 0.447-0.979 0.033
TG/HDL-C 0.549 0.108 5523 1.826 1.320-2.973 0.005
Sex 0434 0.220 3.844 1.545 1.001-2.382 0.049

Crp:C-reactive protein; HDL-C:High-density lipoprotein cholesterol; TG: triglyceride
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Fig. 2 ROC Curve Analysis of HG/HDL-C,Sex,Crp and Albumin

The results of the ROC curve

The TG/HDL-C ratio had an area under ROC curve
(AUC) value of 0.789 and 95% confidence interval
(95%CI) of 0.718-0.859 (P<0.001) higher than those
of sex (0.651, 0.571-0.730, P<0.001), albumin (0.722,
0.649-0.794, P<0.001), and Crp (0.754, 0.681-0.827,
P<0.001). The results illustrated that the TG/HDL-C
ratio had superior test efficiency. (Fig. 2)

Discussion

CMVD represents a syndrome exhibiting objective
evidence of exertional angina pectoris or myocardial
ischemia attributed to structural abnormalities or dys-
function of anterior coronary arterioles and arterioles in
the presence of various risk factors [12]. The abnormal
structure and dysfunction of coronary microcircula-
tion can affect cardiovascular metabolism, which exerts
a substantial impact on the occurrence, development,
evolution, and prognosis of cardiovascular disease. In
turn, cardiovascular disease also causes and aggravates
the structural abnormalities and dysfunction of coronary
microcirculation [13]. At present, the clinical treatment
of myocardial reperfusion usually involves coronary
intervention and coronary artery bypass grafting. None-
theless, These two treatments cannot solve the issue of

abnormal myocardial blood perfusion caused by coro-
nary microcirculation although they can open the nar-
rowed epicardial coronary arteries in time. Accordingly,
a simple index to identify coronary microcirculatory dis-
ease is useful for the early clinical intervention of CMVD,
which has important clinical implications for improving
the prognosis of patients.

CMVD-related factors have been extensively analyzed.
For instance, the research by Li et al. [14] manifested
markedly higher Crp levels in the CMVD group than in
the non-CMVD group, suggesting the potential involve-
ment of inflammation in the pathogenesis of CMVD.
Gokce et al. [15] also observed that the platelet aggrega-
tion rate in the CMVD group was substantially higher
than that in the non-CMVD group, indicating that plate-
let dysfunction may play a crucial role in CMVD patho-
genesis. Another study [16] unveiled increased blood uric
acid levels as one of the risk factors for CMVD patients.
In addition, CMVD has also been revealed to correlate
to obesity [17], smoking [18], hyperlipidemia, hypoalbu-
minemia, and insulin resistance [19]. Unfortunately, little
is known about the risk factors related to CMVD. Mean-
while, no final conclusions have been reached regarding
the indicators for identifying CMVD.

In our study, the CMVD group had a higher propor-
tion of females and patients with hypertension and type
2 diabetes than the non-CMVD group, consistent with
the results obtained by Bairey et al. [20]. Furthermore,
we also noted that the level of platelet count, CRP, and
TG was higher but the level of albumin and HDL-C
was lower in the CMVD group than in the non-CMVD
group. Similarly, a previous study [21] elucidated that the
elevated platelet aggregation rate resulted in high shear
stress, slowed blood flow, and accelerated endothelial cell
damage, thus predisposing to microvascular dysfunction.

The increased expression of inflammatory factors,
such as CRP, is associated with the aggravation of vascu-
lar endothelial oxidative stress and the decline in endo-
thelial-mediated vascular function and the fibrinolytic
capacity of the body, which are pivotal pathophysiological
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mechanisms underlying coronary microvascular lesions
[22].

High TG levels and low HDL-C levels are implicated in
the promotion of lipid peroxidation and endothelial cell
damage, finally inducing microcirculation disturbance
[23]. Moreover, low albumin levels are associated with
systemic inflammation and excessive oxidative stress,
which leads to microvascular diseases [24].

A prior study confirmed TG and HDL-C as the major
indexes reflecting the blood lipid in the body, illustrating
their implications in the occurrence of atherosclerosis
[25]. The TG/HDL-C ratio is a novel composite index that
can not only reflect the disorder of blood lipid metabo-
lism, but also is related to insulin resistance [26]. As
reported, the TG/HDL-C ratio has higher potentials than
TG and HDL-C in reflecting the comprehensive level of
lipid metabolism in the body and accurately predicting
the risk of cardiovascular disease. Furthermore, the TG/
HDL-C ratio has been validated as an independent risk
factor for coronary heart disease, which is closely asso-
ciated with the major adverse cardiovascular events in
patients with coronary heart disease, including coronary
heart disease death, acute myocardial infarction, and vas-
cular remodeling following unstable angina pectoris [27].

A previous study in patients with inflammatory bowel
disease unraveled that in contrast to healthy controls
with CFR>2.5, patients with CFR<2.5 had higher TG
concentrations and lower HDL-C concentrations, indi-
cating the potential association of TG and HDL-C with
CMVD [28]. Accordingly, we speculated that the TG/
HDL-C ratio is related to the pathogenesis of coronary
microcirculatory disease.

Our study demonstrated that the TG/HDL-C ratio in
the CMVD group was higher than that in the non-CMVD
group. Our multivariate logistic regression analysis also
indicated Crp,sex, albumin, and the TG/HDL-C ratio
as independent risk factors for CMVD. Compared with
that of Crp, sex, and albumin, the AUC value of the TG/
HDL-C ratio was higher, indicating that the TG/HDL-C
ratio might be more efficient in identifying CMVD.

The mechanism by which TG/HDL-C is associ-
ated with CMVD has been barely probed, which may
be related to insulin resistance. Insulin resistance has
been reported to directly exacerbate vascular endothe-
lial cell injury, activate the damage/repair mechanism
of the body, and promote the aggregation of platelets,
white blood cells, and other inflammatory cells [29].
Meanwhile, the number of vascular smooth muscle cells
increases compensatorily and the content of vasodila-
tor factors in the body decreases in response to insulin
resistance, thus contributing to the imbalance of vascular
contraction and expansion, vascular endothelial damage,
and microvascular endothelial dysfunction [30]. Another
study revealed that the expression of serum adiponectin
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and adhesion molecules was also enhanced in vivo in the
presence of insulin resistance, which altered vascular reg-
ulation in the body and accelerated vascular endothelial
injury and myocardial ischemia [31].

Conclusion

In conclusion, the TG/HDL-C ratio can be utilized as an
independent risk factor for CMVD occurrence, thereby
providing certain clinical reference data for the evalua-
tion of coronary microcirculation function in patients
with non-large vascular obstructive angina pectoris.
Meanwhile, the composite index TG/HDL-C composed
of their ratio has greater diagnostic value in predict-
ing CMVD occurrence than single blood lipid indexes,
which, thereby, is clinically valuable.

Limitations

There are still some limitations in this study. First, our
research is a single-center study with a small sample size.
Therefore, selection bias cannot be ruled out. Second, the
specific mechanism of TG/HDL-C on coronary micro-
circulatory disease remains poorly identified. Accord-
ingly, further experimental verification is warranted to
obtain more supporting evidence and clarify the related
mechanism. Third, the follow-up of patients participating
in this study is still in progress. Consequently, no further
analysis of their prognosis has not been conducted. In
the future, prospective multi-center studies with larger
sample sizes are warranted for further validating our
conclusions.

Abbreviations

ATP Adenosine triphosphate

CAG Coronary angiography

CMVD  Coronary microvascular disease

LCS Coronary sinus

LAR Aortic root

ISDN Intracoro- nary isosorbide mononitrate
ROC Receiver operating characteristic
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