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Abstract 
Background: Hypertension is associated with an increased risk of cardiovas-
cular events, cardiovascular and all-cause mortality. However, the diagnostic 
ability of hypertension for the presence and severity of CAD (coronary artery 
disease) has not been elucidated. This study investigates the relationship be-
tween hypertension and CAD complexity using the SYNTAX score to deter-
mine hypertension’s roles in coronary heart disease progression. Method: 
This is a prospective study that includes consecutive 410 adult patients at 
mean age (61 ± 11 years) who are admitted to Cardiology Department and 
undergo invasive coronary angiography (CAG) where a significant coronary 
lesion (SCL) is defined as stenosis ≥ 50% in vessel diameter ≥ 1.5 mm. The 
SYNTAX scores were calculated using the SYNTAX score algorithm. Results: 
The mean rank of SYNTAX score was significantly higher among hyperten-
sion than non-hypertension (mean rank: 279, 184, p = 0.006) groups. SYNTAX 
score was positively correlated with age (r: 0.263, p < 0.001) and LDL (corre-
lation coefficient 0.102, p = 0.038) but inversely with HDL (r: 0.107, p = 
0.031), in multivariate linear regression age (regression coefficient 0.3, p < 
0.001), male (−4.4, p = 0.002), HDL (−6.4, p = 0.002) were significant inde-
pendent risk factors for SYNTAX score, in ordinal regression model aging 
(odd ratio: 1.08, p < 0.001), being a male (2.84, p = 0.026), HDL (0.05, p < 
0.001), BMI (0.86, p = 0.020) were significantly independent predictor of in-
crease or decrease probability of falling in high syntax score group. Conclu-
sion Hypertension affects the distribution of SYNTAX score among patients 
with and without hypertension, and the prevalence of significant coronary le-
sions was more frequent in hypertensive patients. Hypertension was not a 
predictor of significant or complex coronary artery lesion, but advanced age, 
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being a male, HDL, LDL and BMI are considered as independent risk factors 
for high SYNTAX score, Subsequently and the complexity of CAD. There-
fore, when patients with CAD have these factors, we expect that the Patient’s 
CAD complexity will be high. 
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1. Introduction 

Cardiovascular disease (CVD) is still the main cause of mortality in industria-
lized nations [1]. Elevated blood pressure is associated with an elevated risk of 
cardiovascular events, cardio-vascular and all-cause mortality. In the Global 
Burden of Disease study, high blood pressure (HTN) was the leading risk factor 
globally, accounting for 9.4 million deaths and 7% of global disability-adjusted 
life years (DALYs) in 2010 [2]. HTN accounts for about 90% of the risk for 
myocardial infarction in both genders [3]. However, the diagnostic ability of 
HTN for complex and severe coronary artery disease (CAD) has not been clearly 
elucidated. Previous clinical trials and observational studies showed a strong as-
sociation, an etiological association between blood pressure (BP) and coronary 
heart disease. A pathophysiology shows that elevated BP accelerates atheroscle-
rotic plaques development, narrowing arterial lumen by invading and spreading 
along arterial walls, embolizing, and increasing infarction risk. [4] 

Coronary angiography is essential to select the ideal strategy of coronary re-
vascularization by accurate characterization of coronary vessels. Recently, the 
Synergy between percutaneous coronary intervention with TAXus and cardiac 
surgery (SYNTAX) score has provided a tremendous amount of interest because 
of its ability to risk stratification and distinguish outcomes of patients with CAD 
undergoing revascularization percutaneously (PCI) compared with bypass graft 
surgery (CABG) [5]. 

2. SYNTAX Score 

The SYNTAX score is a coronary angiographic score system based on coronary 
lesion. Firstly introduced to grade the complex CAD [6], it was used as a tool to 
help decide in the study of coronary angiography between cardiac surgeons and 
interventional cardiologists [7]. For patients with elevated SYNTAX score means 
that coronary artery lesion is complex and more challenging to revascularize by 
PCI. SYNTAX score was proven to be effective in predicting the clinical out-
come after non-emergent PCI in patients with left main and/or 3-vessel CAD. 
SYNTAX score is also able to stratify risk for adverse very long-term clinical 
outcomes in patients receiving drug-eluting stents [8]. Previous studies conclud 
that elevated SYNTAX score is able to predict higher rates of major cardio-vascu- 
lar events [9], absence reflow in patients with myocardial infarction (ST-elevation 
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type) and contrast-induced nephropathy treated with primary PCI [10]. The 
SYNTAX score has been categorized to identify patients at low (≤22), interme-
diate (23 to 32), and high risk (≥33) [11]. The complex coronary lesion is an ad-
vanced stage and the reports about the risk of complex coronary lesions are 
many, but the reports on the risk factors of complex CAD are few because no 
ideal method indicates the complex CAD. Therefore, a risk factor for the com-
plex coronary lesion is also thought to be a risk factor for complex CAD. The 
SYNTAX score is an index of complex CAD and not an indicator of severe co-
ronary atherosclerosis [12]. A 99% or 50% stenosis lesions are equated and eva-
luated in SYNTAX score equally in complexity upon revascularization by PCI or 
CAG. Clearly, a 99% stenotic lesion must be related with a higher score than 
50% stenosis if the severity of coronary atherosclerosis is evaluated. However, it 
is still unknown whether each coronary risk factor is an independent risk factor 
for complex CAD. Previous studies about the correlations between risk of the 
HTN with significant and complexity of coronary arterial lesions (CAL) are few 
and controversial. 

3. Methods 
3.1. Study Design 

The present study is a prospective study that includes consecutive adult patients 
with chest pain admitted for suspected CAD in the Cardiology Department, 
Lanzhou University second hospital, between July 2019 and May 2020, investi-
gate the association between hypertension and coronary artery disease complex-
ity using SYNTAX score. 

3.2. Study Population 

A total of 410 consecutive patients who underwent CAG were enrolled. The ex-
clusion criteria were as follows: cases with recent acute myocardial infarction, 
previous PCI or CABG, renal impairment and diabetic mellitus. Clinical data 
(age, history of smoking, alcohol, hypertension, diabetes mellitus and chronic 
kidney disease were collected by interview and serum total cholesterol, low- 
density lipoprotein cholesterol (LDL), and high-density lipoprotein (HDL), renal 
function test were done during admission and were collected from electronic 
medical records. This study was conducted with approval from the Ethics Com-
mittee of Lanzhou University second hospital, and informed consent was ob-
tained from all the patients. 

3.3. SYNTAX Score Calculation 

Coronary angiogram (CAG) remains the gold standard for CAD diagnosis, and 
all participants underwent standardized, invasive CAG in the cardiology de-
partment of Lanzhou University second hospital, China. Standard coronary an-
giography was performed through the radial artery. CAG was analyzed and eva-
luated by two experienced interventional cardiologists. The result of CAG pre-
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sented as normal (without atherosclerotic stenosis), the significant coronary lesion 
(SCL) defined as ≥50% diameter stenosis in vessel ≥ 1.5 mm and non-significant 
stenosis (NSCL) < 50% stenosis. Coronary lesions with a lumen diameter >1.5 mm 
and ≥50% diameter stenosis were further analyzed by SYNTAX score. Every sig-
nificant lesion was analyzed separately according to Syntax score’s guidelines de-
scribed in detailed elsewhere [13] [14], and the SYNTAX score was calculated us-
ing the online SYNTAX score calculator <http://www.syntaxscore.com/>. SYNTAX 
score was used to integrate particular weighted factor for the specific segment 
number of only significant (≥50% diameter stenosis in a coronary vessel ≥1.5 mm) 
lesions location and considering 11 morphologic features of each lesion (e.g. to-
tal occlusion, bi-furcation & tri-furcation, length, thrombus, tortuosity, calcifica-
tion, aorto-ostial, dominance, number of a diseased segment and diffused of a le-
sion). The BARI-2D trail [9] reported that a higher SYNTAX score could predict 
major events of cardiovascular. In the present study, we classified the final score 
into three group low (0 - 22), intermediate (23 - 32), high (≥33). 

3.4. Hypertension Diagnostic Criteria  

The participant was classified as hypertensive if a patient had a history of hyper-
tension and currently intaking antihypertensive drugs, a systolic office blood 
pressure ≥ 140 mm Hg and or a diastolic office blood pressure ≥ 90 mm Hg or 
by valid ABPM when average BP of 24-hour (≥130/80), day-time (≥135/85 mm 
Hg), night-time (≥120/70 mm Hg), and early morning (≥135/85 mm Hg) [15]. 

3.5. Statistical Analysis 

The normal distribution of data was assessed by the Kolmogorov-Smirnov test. 
Continuous variables are expressed as the mean ± SD or median with range, and 
categorical variables are expressed as numbers (%). For comparisons, the Mann 
Whitney U test was used to compare the distribution of SYNTAX score across 
hypertensive and non-hypertensive groups and other categories (gender, smoker 
and alcoholic). For normally distributed data, a comparison between two inde-
pendent populations was done using an independent t-test. Counting data were 
compared by Chi-square test. Spearman’s correlation was used to measure the 
strength of the association of SYNTAX score with risk factors. Multivariate li-
near regression analysis was used to analyze patient characteristics to determine 
the SYNTAX score’s independent risk factors as a continuous variable. The Or-
dinal regression model was used to assess the predictor risk factors (categorical 
variables entered as factors and continuous variables as covariates) of being with 
low, intermediate, high SYNTAX score. SPSS 25 was used and a value of p < 0.05 
was accepted as statistically significant.  

4. Result  

After the considered inclusion and exclusion criteria had been applied, 410 pa-
tients were included in the study. The patients’ mean age was 61 ± 11 years and 
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260 (63%) were men, 150 (37%) were women. 279 (68%) were hypertensive, 176 
(43%) were a current smoker or recently stopped smoking, 123 (30%) were al-
coholic. According to the CAG result: 176 (43%) were with at least one SCL, and 
243 (57%) were with NSCL or normal CAG. According to SYNTAX score di-
vided into three subgroups: 363 (88%) were mild, 22 (5.5%) intermediate, 25 
(6%) high SYNTAX score. The mean age was higher in the SCL group (64 ± 11 
years) than NSCL; the difference was statistically significant (p < 0.05). Male pa-
tients with SCL were more likely than female; the difference was statistically sig-
nificant (p < 0.05). SCL more frequently in patients with hypertension than 
non-hypertensive patients, the difference was statistically significant (p < 0.05). 
Non-smoker patients tended to be in the Non-SCL group than the SCL group; 
the difference was statistically significant (p < 0.05). There was no significant 
difference in alcoholic patients, total cholesterol, LDL, HDL, triglyceride, BMI 
between SCL and Non-SCL group (Table 1). 

The SYNTAX score distribution across hypertension, gender, smoker catego-
ries was differently significant. The mean rank in the hypertension group was 
higher than non-hypertension (mean rank: 279, 184, p = 0.006). The mean rank 
in the male gender was higher than the female (mean rank: 220, 181, p < 0.001). 
The smoker’s mean rank was high than non-smoker (mean rank: 221, 194, p = 
0.011).  

SYNTAX score was positively correlated with age (correlation coefficient 
0.263, p < 0.001) and LDL (correlation coefficient 0.102, p = 0.038) but inversely 
with HDL (correlation coefficient 0.107, p = 0.031) (Table 2). 

 
Table 1. Baseline characters based on CAG result. 

Variable SCL 176 (43%) NSCL 243 (57%) Total (410) p-value 

Age (years) 64 ± 11 59 ± 10 61 ± 10 0.000* 

Male 127 (31) 133 (32) 260 (63) 0.001* 

HTN 131 (32) 148 (36) 279 (68) 0.016* 

Non-HTN 45 (11) 86 (21) 131 (32)  

Non-smoker 89 (22) 145 (35) 234 (57) 0.026* 

Alcoholic 53 (13) 70 (17) 123 (30) 0.965 

TCH (mmol/l) 4 ± 1.2 3.8 ± 0.9 3.9 ± 1 0.118 

LDL (mmol/l) 2.4 ± 0.9 2.3 ± 0.8 2.4 ± 0.9 0.211 

HDL (mmol/l) 1.1 ± 0.3 1.1 ± 0.3 1.2 ± 0.33 0.237 

TG (mmol/l) 1.9 ± 1.2 1.9 ± 1.4 1.9 ± 1.4 0.922 

BMI (kg/m2) 24 ± 2.8 24 ± 3.1 24 ± 3 0.870 

Data are shown as mean ± standard deviation, number (%). Significant lesions: at least one ≥ 50% coronary 
stenosis in vessels diameter ≥ 1.5 mm; TCH: total cholesterol; LDL: Low-density lipoprotein; HDL: 
High-density lipoprotein; TG: triglyceride; BMI: Body Mass Index; HTN: hypertension CAG: coronary an-
giography. *Significant p-value < 0.05. 
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Table 2. Correlation between SYNTAX score and continuous variables. 

Variables Correlation Coefficient p 

Age (years) 0.263** 0.000 

TCH (mmol/l) 0.068 0.171 

LDL (mmol/l) 0.102* 0.038 

HDL (mmol/l) −0.107* 0.031 

TG (mmol/l) 0.012 0.816 

BMI (kg/m2) −0.007 0.884 

**: The correlation was significant at 0.01 level; * Correlation was significant at the 0.05 level: TCH: total 
cholesterol; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; TG: triglyceride; BMI: Body 
Mass Index. 

 
The results of multivariate linear regression analysis of risk factors for the 

SYNTAX score are shown in Table 3, aging, being a male, HDL were identified 
as significant independent risk factors (age: multiple regression coefficient 0.3, p 
< 0.001); male: −4.4, p = 0.002; HDL: −6.4, p = 0.002). However, hypertension, 
total cholesterol, LDL, triglyceride, smoking, alcohol and BMI were not risking 
factors.  

The ordinal regression model showed that aging (odd ratio: 1.08, p < 0.001), 
being a male (2.84, p = 0.026), HDL (0.05, p < 0.001), BMI (0.86, p = 0.020) were 
significant predictors of falling in low, intermediate, high SYNTAX score groups. 
However, hypertension, total cholesterol, LDL, triglyceride, smoking and alcohol 
were not significant predictors (Table 4). 

5. Discussion 

HTN is a modifiable risk factor for all clinical manifestations of CAD. The pa-
thophysiological process of BP as a risk factor for CAD is complicated and in-
cludes the influence of BP as a physical force on the growth of the atherosclerotic 
plaque and the relationship between pulsating hemodynamic/arterial stiffness 
and coronary perfusion [15]. Therefore, secondary prevention of CAD is a sig-
nificant task to improve the patient’s clinical outcome with cardio-vascular dis-
ease. Conventional risk factors of CAD such as HTN, older age, male, dyslipi-
demia, BMI, and smoking have been related to more severe CAD [16]. A patient 
at a high-risk condition is anticipated to be accompanied by a severe form of the 
disease, so patients at high-risk CAD factor is suspected of having a severe form 
and complex CAD. Nevertheless, the evidence is still not that sufficient [6]. In 
this study, we investigated the association between hypertension (in addition to 
other common risk factors) and CAD complexity using the SYNTAX score to 
determine the roles of hypertension in the predicting coronary heart disease.  

Our observational study’s main findings are the statistically significant distri-
bution difference of SYNTAX score among HTN and non-HTN groups, and the 
frequency of hypertensive patients among the significant coronary artery lesion 
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group was higher than non-hypertensive. The incidence of hypertensive patients 
among the SCL subgroup was higher than the normal and NSCL subgroup. This 
result could be indicated that CAD in patients with hypertension was more 
complicated than that in patients without hypertension. We also found that old-
er age, male gender, HDL, BMI were significant predictors of the SYNTAX score 
and high SYNTAX score group. 

 
Table 3. Multivariate linear regression analysis of SYNTAX score and risk factors. 

Variables Unstandardized (B) 95% CI p 

Age (years) 0.277 0.17 to 0.39 0.000* 

Male gender −4.4 −7.3 to −1.6 0.002* 

Hypertension −1.5 −3.9 to 0.8 0.202 

TCH (mmol/l) 0.8 −1.07 to 2.7 0.396 

LDL (mmol/l) 1.7 −0.29 to 3.7 0.094 

HDL (mmol/l) −6.4 −10.4 to −2.4 0.002* 

TG (mmol/l) −0.14 −1.08 to 0.8 0.766 

BMI (kg/m2) −0.37 −0.74 to 0.007 0.054 

Smoker −1.6 −4.7 to 1.5 0.298 

Alcoholic 1.6 −1.3 to 4.6 0.273 

TCH: total cholesterol; LDL: Low density lipoprotein; HDL: High density lipoprotein; TG: triglyceride; 
BMI: Body Mass Index. CI: confidence interval * Significant p value < 0.05. 

 
Table 4. Predictors of low, intermediate, and high SYNTAX scores. 

 
OR Estim. Std.Erorr Wald p 95% CI 

     lower upper 

Age (years) 1.08 0.078 0.02 15.368 0.000* 0.039 0.117 

Male gender 2.84 1.045 0.47 4.935 0.026* 0.123 1.96 

Hypertension 1.29 0.254 0.432 0.346 0.557 −0.593 1.1 

TCH (mmol/l) 1.59 0.465 0.237 3.829 0.050 −0.001 0.930 

LDL (mmol/l) 1.51 0.415 0.265 2.541 0.117 −0105 0.935 

HDL (mmol/l) 0.05 −2.977 0.829 12.887 0.000* −4.603 −1.352 

TG (mmol/l) 0.89 −0.112 0.148 0.571 0.450 −0.403 0.179 

BMI (kg/m2) 0.86 −0.151 0.065 5.395 0.020* −0.279 −0.024 

Smoker 0.92 −0.079 0.477 0.027 0.869 −1.013 0.855 

Alcoholic 1.25 0.227 0.459 0.245 0.621 −0.673 1.128 

Ordinal regression: TCH: total cholesterol; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; 
TG: triglyceride; BMI: Body Mass Index. CI: confidence interval; OR: odd ratio; Estim: Estimate * Signifi-
cant p-value < 0.05. 
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As mentioned, whether hypertension is a risk factor of complex coronary 
atherosclerosis remains to be explained, and the evidence is still not that suffi-
cient. Previous studies showed that the study selected 462 patients with CHD 
[17] showed that the mean SYNTAX score was higher in the hypertensive group 
than the non-hypertensive group, and HTN was independent predictors of com-
plex coronary artery lesion. But on the other hand, Tanaka et al. [6] found that 
old age, being a male and having diabetes mellitus were significant and inde-
pendent risk factors for the SYNTAX score, but hypertension was not a signifi-
cant independent risk factor. Another study of 431 patients undergoing PCI [18] 
showed no significant association between the mean of SYNTAX score and 
hypertension. A study with 2163 patients [19] showed coexistence of hyperten-
sion and diabetes was associated with a negative synergistic effect on the 
SYNTAX score, but hypertension without diabetes was not associated with a 
high SYNTAX score. A. M. El Kersh et al. [20] studied the correlation between 
SYNTAX score and risk factors concluded that age, diabetes mellitus and smok-
ing were significant independent risk factors of the complex CAD and high 
SYNTAX score, but the hypertension was not significant independent risk fac-
tors for the complexity of CAD. Our study found that the SYNTAX score dis-
tribution was different between hypertensive and non-hypertensive and the 
hypertensive patient associated with SCL. However, hypertension was not sig-
nificant independent predictors for the complexity of CAD. This indicates that 
hypertension might affect the complex CAL but not an independent predictor of 
complex coronary artery lesion. This difference could be related to masked 
hypertension that failed to be diagnosed by office BP, so further studies are 
needed in the future and considered 24-hr ambulatory blood pressure in hyper-
tension diagnosis for all subjects to detect masked hypertension and blood pres-
sure variability. Also, the evaluation of coronary lesion depended on visual as-
sessment and could be one of the limitations in detected complex lesions.  

It is known that blood vessels endothelium function impaired, and arterial 
atherosclerosis progresses with getting older age [21]. Tanaka et al. [6] reported 
that advanced age is an independent risk factor of complex CAD [6]. This study 
also found that advanced age is positively correlated with SYNTAX score and an 
independent risk factor of significant and complex coronary lesion. It was known 
from a previous study that estrogen shows anti arteriosclerosis consequence and 
CAD of women progression occur after menopause and it is thought that complex 
CAD in male gender is more severe than in female gender because men take long 
time to progress coronary atherosclerosis than women. However, women with 
CAD are described to have a smaller diameter of coronary artery, as well as higher 
frequency of diffuse coronary stenosis is not suitable for PCI, coronary dissection 
and calcification than men [6] [22] [23] [24]. The fact that the development of 
CAD in women at an older age than in men may explain why male gender is a 
strong risk factor of CAD. In this study, we found that male gender was indepen-
dent predictor of SCL and higher SYNTAX score. So, a male patient with CAD is 
suspected to be complex and needs more adjustment for other risk factors. 
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Modifiable risk factors are important in the secondary prevention; previous 
studies already showed the high impact of these factors [25]. It is reported that 
abnormal level of lipid combined with HTN considered for more than 50% of 
attributable risks factors of CVD in population [26]. This study also found that 
HDL, total Cholesterol, LDL and BMI were also independent predictors of SCL 
and SYNTAX score. Also, we found that smoking and alcohol status were inde-
pendent predictors for the SCL. The difference between risk factor result can be 
explained by: Firstly, different lifestyles in different ethnic groups, eating habits, 
cultural geographical differences, and other extrinsic factors; Secondly, the pos-
sibility that the lesion discovery occurs late due to silent myocardial ischemia; 
Thirdly, these risk factors for the SYNTAX score may cause diffused arterial 
atherosclerosis and gradually extended which form complex lesions (higher 
SYNTAX score), such as calcified, at bifurcated and long lesions for a longer pe-
riod time. However, other factors may cause coronary atherosclerosis rapidly 
and locally extend before a lesion becomes complex. Lastly drugs such as statin 
or antihypertension could contribute. 

6. Study Limitations 

There are several limitations to this study: 1) the assessment of SYNTAX score 
depends on visual interpretation of lesion severity by clinical operators so the 
reproducibility of the SYNTAX score may limit its applicability in day-to-day 
clinical practice. 2) This study was an observational study at a single center. 3) 
Acute ST-elevation myocardial infarction was excluded because this was ex-
cluded as a subject of evaluation by the SYNTAX score. 4) We didn’t demon-
strate the effect of treating different modifiable risk factors on CAD lesion com-
plexity. Further study in the future to examine this issue is required. 

7. Conclusion 

In terms of hypertension, the elevated blood pressure can be affecting the dis-
tribution of SYNTAX score among patients and the prevalence of significant 
coronary lesion more in hypertensive patients. In terms of coronary artery lesion 
risk factors, being an advanced age, being a male, HDL, LDL, BMI are consi-
dered independent predictors for high SYNTAX score and the complex CAD. 
Therefore, when patients with CAD have these factors, expectation of the com-
plexity of CAD is present and the patient will be at high risk of complication and 
it is necessary to provide more medical care. 
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