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Background:Many studies have shown that glycated hemoglobin (HbA1c) is associated with coronary artery disease (CAD). HbA1c
was independently related to angiographic severity in Chinese patients with CAD after adjusting for other covariates. Some traditional
cardiovascular drugs may have an impact on this relationship.
Methods: This retrospective study enrolled a total of 572 CAD patients who underwent their coronary angiography and had their
HbA1c levels measured at the Chinese Hospital. The complexity of the coronary artery lesions was evaluated using the Syntax score,
and the subjects were divided into 4 inter quartiles according to HbA1c levels. Covariates included history of traditional cardiovascular
drugs.
Results: The average age of selected participants was 61.00 ± 9.15 years old, and about 54.72% of them were male. Result of fully
adjusted linear regression showed that HbA1c was positively associated with Syntax score after adjusting confounders (β = 1.09, 95%
CI: 0.27, 1.91, P = 0.0096). By interaction and stratified analyses, the interactions were observed based on our specification including
with the medication history of statins and angiotensin receptor blockers (ARBs) (P values for interaction <0.05).
Conclusion: In this study, we found a positive correlation between the HbA1c levels and the SYNTAX score among CAD
individuals, and oral statins and ARBs medication could affect the correlation. Thus, HbA1c measurement could be used for the
evaluation of the severity and complexity of coronary lesions among CAD patients.
Keywords: HbA1c, SYNTAX score, coronary artery disease, statins, ARBs

Introduction
Coronary Artery Disease (CAD) is the leading cause of death worldwide. Major efforts have been made to find novel
useful non-invasive biomarkers for CAD. The biomarkers may be involved in the pathogenesis of CAD or the formation
of risk factors, such as DNA methylation signatures affecting HLA-G gene were correlated with plaque load changes,
which was predictive for disease severity.1 Glycated hemoglobin (HbA1c) is a product of the binding of hemoglobin and
blood sugar in red blood cells in human blood. The HbA1c test usually reflects the patient’s blood glucose control for
nearly 8 to 12 weeks. There are lots of researches elaborating the effects of glycemic metabolism on CAD.2–10 These
studies show that HbA1C were correlated positively with the Severity of CAD in different groups of people, such as
older patients with diabetes mellitus,8 Type 2 Diabetes Mellitus,7 Non-Diabetic Subjects,4,6 Diabetic and Non-Diabetic
Subjects,3,9 PCI Patients With HbA1c 5.7% to 6.410 and Non-diabetic Patients with Acute Coronary Syndrome5.
However, previous studies regarding the relationship between HbA1c and SYNTAX score just adjusted some conven-
tional risk factor, not adjusted conventional cardiovascular drugs. Patients with CAD need to take a large number of
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cardiovascular drugs for a long time, and these drugs have important impact on the outcome of CAD. SYNTAX scoring
was proposed by The LANT European and American Guidelines as a tool to help clinicians determine the best
revascularization method for patients with complex CAD.11 The higher the SYNTAX score, the more complex the
lesion, and complex lesions often indicate undesirable consequences. It can effectively predict the occurrence of
cardiogenic death and the incidence of major adverse cardiovascular and cerebrovascular events (MACCE).12

Therefore, this study was set out to investigate whether HbA1c is independently related to SYNTAX score in Chinese
patients with CAD after adjusting conventional cardiovascular drugs, and subgroup analysis according to the history of
Medications.

Patients and Methods
Study Population
We retrospectively reviewed 2990 CAD patients aged 18 years and older who underwent their first coronary angiography
(CAG) due to chest tightness and chest pain, to evaluate suspected CAD, at the Chinese Affiliated Hospital of Jining
Medical College between July 2016 and July 2018. The clinical diagnosis and treatment process of each participant was
completely in accordance with AHA/ACC guidelines. Inclusion criteria included (1) Stable angina; (2) Unstable angina;
(3) ST-segment elevation myocardial infarction; (4) Non-ST segment elevation myocardial infarction. Patients with Type
I diabetes, Stroke (n = 5), Severe liver and kidney dysfunction (n = 116), Severe heart failure (n = 27) and some patients
(n = 2270) whose HbA1c levels were not available during the hospitalization were excluded. A total of 572 patients were
included in the final analysis. Patients were divided into 4 groups (Interquartile) according to the following HbA1c
levels: 4.00–5.50%, 5.60–6.30%, 6.40–7.40%, 7.50–18.00%. This study was approved by the ethics committee of
Affiliated Hospital of Jining Medical University. We confirm that all methods were performed in accordance with the
relevant guidelines and regulations. Because of the nature of retrospective cohort study and the data are anonymous, the
requirement for informed consent was therefore waived.

Methods
All data was obtained from the hospital database. General condition: The age, gender, systolic pressure (SBP), diastolic
pressure (DBP), smoking, body mass index (BMI), the disease history of type 2 diabetes, Hypertension, Dyslipidemia,
and previous medication history of Aspirin, Clopidogrel, Beta blockers, Statins, Angiotensin converting enzyme
inhibitors (ACEIs), Angiotensin II receptor blockage (ARBs), Calcium antagonist (CCBs), Metformin, Insulin,
Spironolactone, Anxiolytics was collected. Meanwhile, some routine examinations were recorded. Patients were fasted
for 12 h, and venous blood was collected in the morning. Total cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL-C), low-density lipoprotein (LDL-C), urea nitrogen, uric acid (UA), fasting blood glucose (FBG),
alanine aminotransferase (ALT), creatinine (Cr), HbA1c were detected. HbA1C levels were measured with the Bio-
RadD-10 using ion-exchange high-performance liquid chromatography. All patients underwent coronary angiography by
qualified interventional cardiologists. The CAD severity was quantified with the Syntax score. The SYNTAX score was
calculated by a computer program. The algorithm contained 12 questions. The first three questions were coronary
dominant type, number of lesions, and number of vascular segments of the lesion. The maximum number of lesions was
12, and each lesion was crowned with 1, 2, 3, and so on. Each lesion may have involved one or more segments. The
integral of each lesion was calculated by the segment that is involved. The last 9 questions were the poor features of the
lesion, and the scores for each lesion were derived based on the poor features. The score of each lesion was added to
obtain a SYNTAX score. Coronary angiograms were analyzed by two experienced observers who were blinded to the
identities and clinical information of the patients.

Statistical Analysis
The continuous variables are presented as the means±SDs. The categorical variables are presented as proportions
(percentages). We used χ2 (categorical variables), One-Way ANOVA test (normal distribution), or KrusckalWhllis
H-test (skewed distribution) to test for differences among differentHbA1c groups (Quartile). Univariate and multivariate
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linear regression were employed. We constructed four models: Non-adjusted model adjusted for: None; Model 1 adjusted
for Gender, Age, BMI, Smoking, Cr, TG, HDL-C, LDL-C, TC, SBP, DBP; Model 2 adjusted for model 1 plus previous
disease history of Diabetes, Hypertension, Hyperlipidemia; Model 3 adjusted for Model 2 plus previous medication
history of Aspirin, Clopidogrel, Beta blockers, Statins, ACEIs, ARBs, CCBs, Metformin, Insulin, Spironolactone,
Anxiolytics. We conducted the generalized additive model and smooth curve fitting to address the nonlinearity of
HbA1c and SYNTAX score. If nonlinearity was detected, we first calculated the inflection point using recursive
algorithm, and then constructed a two-piecewise linear regression on both sides of the inflection point. The interaction
and stratified analyses were performed using stratified linear regression models. We did a sensitivity analysis to ensure
the robustness of data analysis. To verify the results of HbA1c as the continuous variable and observe the possibility of
nonlinearity, HbA1c were converted into a categorical variable, and calculated the P for trend. All the analyses were
performed with the statistical software packages R (http://www.R-project.org, The R Foundation) and Empower Stats
(http://www.empowerstats.com, X&Y Solutions, Inc, Boston, MA). P values less than 0.05 (two-sided) were considered
statistically significant.

Results
Baseline Characteristics of Selected Participants
A total of 572 participants were selected for the final data analysis after screening by inclusion and exclusion criteria.
Baseline characteristics of these selected participants are shown in Table 1 according to Quartile of HbA1c. In general,
the average age of the 572 selected participants was 61±9 years, and about 55% of them were male. The average level of
HbA1c of all the enrolled patients is (6.81 ± 1.73) %. No statistically significant differences were detected in SBP, DBP,
TC, LDL-C, ALT, Smoking, the disease history of Hypertension, Hyperlipidemia, and the Medication history of Statins,
ACEIs, ARBs, CCBs, Digoxin, Anxiolytics among different Glycated hemoglobin groups (all p values >0.05).
Participants with the highest group of HbA1c (7.50–18.00%) had the higher values in SBP, FBG, TG, TC, SYNTAX
score, and consisted of significantly higher number of patients Smoking, with the disease history of Diabetes,
Hyperlipidemia, and the Medication history of Aspirin, Clopidogrel, Beta blockers, Nitrates, Digoxin, Spironolactone,
Metformin, and Insulin than those of the other groups. The opposite patterns were observed in the number of patients
without the disease history of Diabetes, and the medication history of Aspirin, Clopidogrel, Beta blockers, Nitrates, and
Insulin.

Unvaried Analysis for SYNTAX Score
We listed the results of univariate analyses in Table 2 by univariate linear regression, we found that BMI, SBP, TC, TG,
ALT, Cr, UA, Gender, the disease history of Hyperlipidemia and the medication history of ACEIs, Statins, ARBs,
Metformin were not associated with SYNTAX score. We also found that DBP (−0.08, 95% CI: −0.15, −0.01; P = 0.02),
HDL-C (−5.89, 95% CI: −8.93, −2.84; P = 0.0002), and the medication history CCBS (−3.05, 95% CI: −4.85, −1.25; P =
0.0010), Anxiolytics (−8.97, 95% CI: −13.50, −4.43; P = 0.0001) were negatively associated with SYNTAX score. In
contrast, univariate analysis showed that Age (0.18, 95% CI: 0.08, 0.28; P = 0.0003), LDL-C mmol/L (1.66, 95% CI:
0.60, 2.72; P = 0.0023), FBG mmol/L (0.73, 95% CI: 0.40, 1.06; P < 0.0001), GHbA1c% (1.49, 95% CI: 0.99, 2.00; P <
0.0001), Smoking (2.74, 95% CI: 0.96, 4.52; P < 0.0026), with the disease history of Diabetes (3.22, 95% CI: 1.40, 5.03;
P < 0.0006) and Hypertension (2.07, 95% CI: 0.25, 3.89; P = 0.0266), with the medication history of Aspirin (9.74, 95%
CI: 4.44, 15.03; P = 0.0003), Clopidogrel (12.85, 95% CI: 10.84, 14.85; P < 0.0001), Beta blockers (4.01, 95% CI: 1.96,
6.06; P = 0.0001), Nitrates (8.14, 95% CI: 6.45, 9.82; P < 0.0001), Insulin (3.62, 95% CI: 1.18, 6.06; P = 0.0037),
Digoxin (13.57, 95% CI: 8.50, 18.65; P < 0.0001), and Spironolactone (9.63, 95% CI: 7.68, 11.57; P < 0.0001) were
positively correlated with SYNTAX score.

Results of Unadjusted and Adjusted Linear Regression
In this study, we constructed four models to analyze the independent effects of HbA1c on SYNTAX score (univariate and
multivariate linear regression). The effect sizes (β) and 95% confidence intervals are listed in Table 3. In the unadjusted
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model, the model-based effect size can be explained as the difference in per mmol/L of HbA1c associated with Syntax
score. For example, the effect size of 1.49 for SYNTAX score in unadjusted model means that a difference in per mmol/L
of HbA1c is associated with increased 1.49 difference in Syntax score (95% CI: 0.99–2.00, P < 0.0001). In the model 1
(adjusted for Gender, Age, BMI, Smoking, Cr, TG, HDL-C, LDL-C, TC, SBP, DBP), theHbA1c was increased per
mmol/L, Syntax score increased by 1.17 (95% CI: 0.40–1.93, P = 0.0031). In the model 2 (adjusted model 1 plus
previous disease history of Diabetes, Hypertension, Hyperlipidemia) for each additional mmol/L of HbA1c, Syntax score
increased by 1.14 (95% CI: 0.24–2.04, P = 0.0142). In the model 3 (adjusted for Model 2 plus previous medication
history of Aspirin, Clopidogrel, Beta blockers, Statins, ACEIs, ARBs, CCBs, Metformin, Insulin, Spironolactone,
Anxiolytics), the HbA1c was increased per mmol/L, Syntax score increased by 1.09 (95% CI: 0.27–1.91, P = 0.0096).
For the purpose of sensitivity analysis, we converted the HbA1c from continuous variable to categorical variable
(Quartile of HbA1c), the P for trend of HbA1c with categorical variables in fully adjusted model was consistent with
the result when HbA1c is a continuous variable. Besides, we also found the trend of the effect size in different HbA1c
groups was equidistant.

Table 1 Baseline Characteristics of Participants

GHbA1c Quarter Q1 4.00–5.50% Q2 5.60–6.30% Q3 6.40–7.40% Q4 7.50–18.00% P-value

N 130 148 143 151
Age (Years) 58.92 ± 9.26 61.76 ± 8.72 61.66 ± 9.47 61.41 ± 8.98 0.032

BMI (kg/m2) 24.85 ± 3.19 26.18 ± 3.26 26.57 ± 3.53 26.30 ± 3.49 0.007

SBP (mmHg) 132.38± 18.46 135.54± 19.53 136.92± 22.46 137.04 ± 20.12 0.199
DBP (mmHg) 81.26 ± 12.63 80.08 ± 12.98 79.78 ± 13.89 80.14 ± 12.53 0.800

FBG (mmol/L) 5.76 ± 1.12 6.55 ± 1.88 7.27 ± 2.00 10.06 ± 3.26 <0.001

TG (mmol/L) 1.41 ± 0.80 1.54 ± 0.82 1.74 ± 0.92 2.01 ± 1.03 <0.001
TC (mmol/L) 4.62 ± 1.15 4.57 ± 1.01 4.67 ± 1.16 4.68 ± 1.18 0.821

LDL-C (mmol/) 2.67 ± 0.81 2.58 ± 0.85 2.71 ± 0.89 2.70 ± 0.85 0.576
HDL-C (mmol/L) 1.21 ± 0.32 1.18 ± 0.33 1.10 ± 0.25 1.04 ± 0.26 <0.001

Cr (μmol/L) 64.91± 13.87 60.77±13.18 59.83±14.22 58.32±14.16 0.001

ALT (U/L) 31.20± 17.97 29.72± 15.69 27.39± 14.94 27.87± 16.76 0.219
UA (μmol/L) 320.65±91.69 300.61±85.61 293.13±87.87 293.12±99.29 0.054

SYNTAX score 9.31 ± 8.78 12.46 ± 10.80 14.53 ± 11.07 17.10 ± 11.09 <0.001

Male 85 (65.38) 79 (53.38) 69 (48.25) 80 (52.98) 0.034
Smoking 68 (52.31) 64 (43.24) 54 (37.76) 71 (47.02) 0.099

T2DM 29 (22.31) 69 (46.62) 115 (80.42) 144 (96.00) <0.001

Hypertension 74 (56.92) 94 (63.51) 96 (67.13) 91 (60.67) 0.351
Hyperlipidemia 5 (3.85) 8 (5.41) 8 (5.59) 11 (7.33) 0.655

Aspirin 126 (96.92) 140 (94.59) 139 (97.20) 147 (100.00) 0.048

Clopidogrel 93 (71.54) 116 (78.38) 118 (82.52) 134 (91.16) <0.001
Beta blockers 86 (66.15) 112 (75.68) 114 (79.72) 120 (81.63) 0.014

Statins 110 (84.62) 124 (83.78) 133 (93.01) 131 (89.12) 0.064

ACEIS 39 (30.00) 52 (35.14) 45 (31.47) 44 (29.93) 0.754
ARB 18 (13.85) 15 (10.14) 18 (12.59) 25 (17.01) 0.374

CCBs 47 (36.15) 57 (38.51) 64 (44.76) 51 (34.69) 0.313

Nitrates 62 (47.69) 89 (60.14) 93 (65.03) 100 (68.03) 0.003
Digoxin 2 (1.54) 3 (2.03) 5 (3.50) 7 (4.73) 0.378

Spironolactone 30 (23.26) 31 (20.95) 31 (21.68) 40 (27.21) 0.587

Anxiolytics 4 (3.08) 8 (5.41) 5 (3.50) 5 (3.40) 0.730
Metformin 3 (2.31) 6 (4.05) 11 (7.69) 18 (12.24) 0.004

Insulin 0 (0.00) 4 (2.72) 24 (16.78) 59 (40.14) <0.001

Notes: Diabetes mellitus type 2, hypertension, hyperlipidemia represents the past disease history, drug represents a past medication history.
Abbreviations: GHbA1c, glycated hemoglobin A1c; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG,
triglycerides; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; Cr, creatinine; ALT, alanine aminotransferase;
UA, uric acid; T2DM, diabetes mellitus type 2; ACEIS, angiotensin converting enzyme inhibitors; ARBs, angiotensin II receptor blockage; CCBS, calcium antagonist.
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The Results of Nonlinearity of HbA1c and SYNTAX Score
In the present study, we analyzed the non-linear relationship between HbA1c and SYNTAX score. Smooth curve and the result
of Generalized additive model showed that the relationship between HbA1c and SYNTAX score was non-linear after
unadjusted for Age, Gender, BMI, TG, TC, LDL-C, HDL-C. Because the P (0.043) for log likelihood ratio test was less
than 0.05, therefore, we chose two-piecewise linear regression for fitting the association between HbA1c and SYNTAX score
because it can accurately represent the relationship. The non-linear relationship between HbA1c and SYNTAX score are listed
in Figure 1. By two-piece wise linear regression and recursive algorithm, we calculated the inflection point was 5.9mmol/L.
On the left side of inflection point, the effect size and 95%CI were 4.34 (1.10, 7.57), (P = 0.009) respectively. On the right side
of inflection point, the effect size and 95% CI were 0.64 (−0.18, 1.47), and (P = 0.1293), respectively (Table 4).

The Interaction and Stratified Analyses of the Affect and Association Between HbA1c
and SYNTAX Score
We examined whether Diabetes, Hypertension, Hyperlipidemia status, and previous medication history affected the
association between HbA1c and SYNTAX score. After adjusting for Age, BMI, SBP, DBP, TC, TG, LDL-C, HDL-C,

Table 2 Univariate Analysis for SYNTAX Score

Covariate Statistics β (95% CI) P-value

Age, year 61.00 ± 9.15 0.18 (0.08, 0.28) 0.0003
BMI, kg/m2 25.96 ± 3.42 0.02 (−0.33, 0.37) 0.8964

SBP, mmHg 135.56 ± 20.25 −0.00 (−0.05, 0.04) 0.9527

DBP, mmHg 80.29 ± 13.00 −0.08 (−0.15, −0.01) 0.0200
TC, mmol/L 4.63 ± 1.12 0.39 (−0.42, 1.19) 0.3504

TG, mmol/L 1.68 ± 0.92 −0.03 (−1.04, 0.98) 0.9493

LDL-C, mmol/L 2.66 ± 0.85 1.66 (0.60, 2.72) 0.0023
HDL-C, mmol/L 1.13 ± 0.30 −5.89 (−8.93, −2.84) 0.0002

FBG, mmol/L 7.45 ± 2.75 0.73 (0.40, 1.06) <0.0001
ALT, U/L 28.99 ± 16.37 0.03 (−0.02, 0.09) 0.2596

Cr, μmol/L 60.83 ± 14.02 0.03 (−0.04, 0.10) 0.3605

UA, μmol/L 301.36 ± 91.64 −0.00 (−0.01, 0.01) 0.7604
GHbA1c,% 6.81 ± 1.73 1.49 (0.99, 2.00) <0.0001

Male 313 (54.72%) 0.82 (−0.97, 2.61) 0.3700

Smoking 257 (44.93%) 2.74 (0.96, 4.52) 0.0026
T2DM 357 (62.52%) 3.22 (1.40, 5.03) 0.0006

Hypertension 355 (62.17%) 2.07 (0.25, 3.89) 0.0266

Hyperlipidemia 32 (5.60%) −0.43 (−4.29, 3.43) 0.8274
Aspirin 552 (97.18%) 9.74 (4.44, 15.03) 0.0003

Clopidogrel 461 (81.16%) 12.85 (10.84, 14.85) <0.0001

Beta blockers 432 (76.06%) 4.01 (1.96, 6.06) 0.0001
ACEIS 180 (31.69%) −0.87 (−2.78, 1.03) 0.3681

Statins 498 (87.68%) −0.16 (−2.85, 2.54) 0.9093

ARBs 76 (13.38%) −0.28 (−2.89, 2.32) 0.8316
CCBS 219 (38.56%) −3.05 (−4.85, −1.25) 0.0010

Nitrates 344 (60.56%) 8.14 (6.45, 9.82) <0.0001

Metformin 38 (6.69%) −1.69 (−5.24, 1.85) 0.3493
Insulin 87 (15.37%) 3.62 (1.18, 6.06) 0.0037

Digoxin 17 (2.99%) 13.57 (8.50, 18.65) <0.0001

Spironolactone 132 (23.28%) 9.63 (7.68, 11.57) <0.0001
Anxiolytics 22 (3.87%) −8.97 (−13.50, −4.43) 0.0001

Abbreviations: CI, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG,
triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; ALT, alanine
aminotransferase; Cr, creatinine; UA, uric acid; GHbA1c, glycated hemoglobin A1c; T2DM, diabetes mellitus type 2; ACEIs, angiotensin converting
enzyme inhibitors; ARBs, angiotensin II receptor blockage; CCs, calcium channel antagonists.
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UA, Cr, ALT except the subgroup variable, as shown in Figure 2, we noted that only a small number of interactions were
observed based on our a priori specification including: the medication history of Statins and ARBs (P values for
interaction <0.05). In this study, the stronger association of HbA1c and SYNTAX score were detected in no Diabetes,
Hypertension, Hyperlipidemia status, and no previous medication history of Statins, ARBs, CCBs, Metformin, Beta

Table 3 Relationship Between GHbA1c and SYNTAX Score in Different Models

Exposure Non-Adjusted Model 1 Model 2 Model 3

β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value

GHbA1c (%) 1.49 (0.99, 2.00) <0.0001 1.17 (0.40, 1.93) 0.0031 1.14 (0.24, 2.04) 0.0142 1.09 (0.27, 1.91) 0.0096

GHbA1c quartile
Q1 Reference Reference Reference Reference

Q2 3.15 (0.67, 5.63) 0.0131 3.27 (−0.06, 6.59) 0.0553 3.33 (−0.03, 6.69) 0.0531 1.48 (−1.44, 4.40) 0.3217
Q3 5.22 (2.72, 7.72) <0.0001 4.22 (0.74, 7.70) 0.0182 4.21 (0.27, 8.15) 0.0372 2.97 (−0.16, 6.10) 0.0645
Q4 7.79 (5.32, 10.26) <0.0001 5.70 (2.09, 9.30) 0.0022 5.55 (1.28, 9.82) 0.0114 4.20 (0.71, 7.69) 0.0190

P for trend <0.0001 0.0022 0.0130 0.0132

Notes: Non-adjusted model adjusted for: none; model 1 adjusted for gender, age, BMI, smoking, Cr, TG, HDL-C, LDL-C, TC, SBP, DBP; model 2 adjusted for model 1 plus
previous disease history of T2DM, hypertension, hyperlipidemia; model 3 adjusted for model 2 plus previous medication history of aspirin, clopidogrel, beta blockers, statins,
ACEIS, ARBs, CCBs, metformin, insulin, spironolactone, anxiolytics.
Abbreviations: CI, confidence interval; BMI, body mass index; Cr, creatinine; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; T2DM, diabetes mellitus type 2; ACEIS, angiotensin converting
enzyme inhibitors; ARBs, angiotensin II receptor blockage; CCBs, calcium channel antagonist.

Figure 1 Association between GHbA1c and SYNTAX score in coronary heart disease patients. A threshold, nonlinear association between GHbA1c and SYNTAX score
was found (P=0.0052) in a generalized additive model (GAM). Solid red line represents the smooth curve fit between variables. Blue bands represent the 95% of confidence
interval from the fit. All adjusted for age, gender, BMI, TG, TC, LDL-C, HDL-C.
Abbreviations: BMI, body mass index; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol.
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blockers, Insulin, Digoxin, Spironolactone, Anxiolytics (<0.05P). In contrast, the weaker association were detected
between men and female with disease history of Diabetes, Hypertension, and with previous medication history of Statins,
ARBs, CCBs, Beta blockers, Insulin, Spironolactone, with and without the medication history of Clopidogrel, Nitrates,
and ACEIs.

Discussion
In this study, a retrospective cohort study was performed to address the relationship between HbA1c and the SYNTAX
score, we found that HbA1c was positively associated with SYNTAX score after adjusting a wide range of known
cardiovascular risk factors and medication history. We also found that there were different trends on the left and right
sides of the inflection point [left 5.9 (95% CI: 1.10–7.57); right 0.64 (95% CI: −0.18–1.47)] after adjusting a range of
known cardiovascular risk factors and medication history. The results showed that the history of medication had some
influence on the relationship of HbA1c and SYNTAX score. We performed an interaction and stratified analyses to the
confounders, which helped us to better understand the trend of HbA1c and SYNTAX score in different populations. The
results of interaction and stratified analyses found that the medication history of Statins and ARBs had a significant
impact on the relationship of HbA1c and SYNTAX score. With increasing HbA1c levels, a marked increase in SYNTAX
score was noted in the patients without a history of taking Statins [8.13 (95% CI: 3.15, 13.11)]. However, Patients with a
history of taking Statins tended to less increase in SYNTAX score [0.61 (95% CI: −0.19, 1.42)]. Patients without a
history of taking ARBs tended to increase in SYNTAX score [1.30 (95% CI: 0.42, 2.18)], but patients with a history of
taking ARBs tended to decrease in SYNTAX score [−0.86 (95% CI: −3.14, 1.42)].

Epidemiologic studies show that HbA1c is a cardiovascular risk factor in all kinds of individuals.3–10 Our findings are
in accordance with prior studies that demonstrated that HbA1c levels are independently associated with SYNTAX score
which represents the degree of coronary atherosclerosis in non-diabetic and diabetic individuals. This association is
graded, continuous, and independent of conventional major cardiovascular risk factors and history of taking cardiovas-
cular related drugs. HbA1c could be used as an independent predictor of CAD and its severity even in non-diabetic and
diabetic individuals. Since HbA1c reflects the blood glucose control situation of the last 2–3 months, with less biological
variability and greater stability, can be assessed in the non-fasting state, it is a more convenient test than fasting blood
glucose. Some studies2,4 have shown that fasting blood glucose is not related to CAD, therefore we did not detect fasting
blood glucose. The population we collected is patients with acute coronary syndrome and undergoing coronary
angiography, including diabetic and non-diabetic patients. All the above studies were only adjusted for traditional
cardiovascular risk factors. We adjusted the history of cardiovascular medication and performed a subgroup analysis
to highlight the important effect of medication on the correlation between HbA1c and SYNTAX score. We found that
oral Statins and ARBs drugs in patients with coronary heart disease can significantly improve the increase in SYNTAX
score caused by increased HbA1c.

Statins are widely used to control dyslipidemia. Some studies1,13 have shown that long-term use of Statins is related
to diabetes mellitus (DM) and impaired fasting Blood glucose (IFG), more marked in people with prediabetes, metabolic
syndrome, and intensive statins therapy. However, meta-analyses of randomized clinical trials data have revealed the
benefits of Statins in preventing cardiovascular disease (CVD) which events far outweigh the potential risk from
elevation in plasma glucose.14,15 In our study, patients with diabetes and non-diabetic patients were selected, we found
that the use of Statins can improve the relationship between HbA1c and SYNTAX score, which validated the conclusion

Table 4 Threshold Effect Analysis of GHbA1c and SYNTAX Score Using Piece-Wise Linear Regression

Inflection Point of Effect Size (β) 95% CI P value

5.9
<5.9 4.34 1.10, 7.57 0.0090

>5.9 0.64 −0.18, 1.47 0.1293

Notes: Effect: SYNTAX score, cause: GHbA1c, adjusted: age, gender, BMI, TG, TC, LDL-C, HDL-C.
Abbreviations: BMI, body mass index; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDLA -C, low density lipoprotein
cholesterol; TC, total cholesterol.
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that the efficacy of Statins in preventing CVD events far outweighs the potential risk of incidental plasma glucose
elevation.

Prolonged exposure to hyperglycemia is now recognized as a major factor in the pathogenesis of diabetic complica-
tions, including atherosclerosis. Hyperglycemia induces a large number of alterations at the cellular level of vascular

Figure 2 The interacting and stratified analyses of affecting the association between HbA1c and SYNTAX score. Adjusted for season of age, BMI, SBP, DBP, TC, TG, LDL-C,
HDL-C, UA, Cr, ALT except the variable. Small number of interactions were observed based including: the medication history of statins and ARBs (P values for interaction
<0.05). In this study, the stronger association of HbA1c and SYNTAX score were detected in no diabetes, hypertension, hyperlipidemia status, and no previous medication
history of statins, ARBs, CCBs, metformin, beta blockers, insulin, digoxin, spironolactone, anxiolytics (<0.05P). In contrast, the weaker association was detected between
men and female with disease history of diabetes, hypertension, and with previous medication history of statins, ARBs, CCBS, beta blockers, insulin, spironolactone, with and
without the medication history of clopidogrel, nitrates, ACEIs.(,) NaN: the model failed because of the small sample size.
Abbreviations: CI, confidence interval; ACEIS, angiotensin converting enzyme inhibitors; ARBs, angiotensin II receptor blockage; CCBS, calcium antagonist; BMI, body mass
index; Cr, creatinine; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; SBP, systolic blood
pressure; DBP, diastolic blood pressure.
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tissue that potentially accelerates the atherosclerotic process. Animal and human studies have provided the major
mechanisms:16 (1) The hyperglycemia strengthens the process of overproduction of superoxide by the mitochondrial
electron-transport chain, which increases reactive oxygen species (ROS) through several pathways.17–21 (2)
Hyperglycemia promotes inflammation through the induction of cytokine secretion by several cell types including
monocytes and adipocytes.21–24 The ROS and inflammation are the main factors which accelerates atherosclerosis and
leads to increased risk of myocardial infarction, stroke. We found that oral Statins and ARBs drugs in patients with
coronary heart disease can significantly improve the increase in SYNTAX score caused by increased HbA1c, which
shows that Statins and ARBs drugs can improve Hyperglycemia-induced atherosclerosis. The mechanism of Statins
improving vascular damage by hyperglycemia is not completely understood, but the prevailing theories include: improve
endothelial dysfunction,25 anti-inflammatory,26 anti- ROS,27 anti-platelet activation,28 reduce vascular smooth muscle
proliferation,29 anti-arrhythmia, etc. The mechanism of ARBs improving vascular damage by hyperglycemia may
include: ARBs treatment may play an antioxidant role,30 improve cardiac mitochondrial activity,31 mitigate hyperglyce-
mia-induced vascular inflammation,32 anti-fibrosis,33 and so on.

This study strengthens the perception that the simple laboratory measurement of HbA1c in CAD patients with
diabetic and non-diabetic will enable recognition of high-risk population, give Statins or ARBs drugs as much as possible
that would benefit from aggressive intervention during hospitalization and closer follow-up. We demonstrate a contin-
uous relation of HbA1c levels to CAD severity similarly to cholesterol and inflammatory biomarkers. This risk becomes
evident in the study at anHbA1clevel of below 5.9% (pre-diabetes), which showed pre-diabetics should strictly control
blood sugar, a slight increase in HbA1c can lead to serious progression of coronary heart disease. This risk reduced at an
HbA1clevel of above 5.9%, it may be due to the application of cardiovascular-related drugs, such as Statins, ARBs.
Prospective studies linking HbA1c levels to CAD severity have been inconsistent and limited. Some studies34 have
shown in non-diabetic subjects the optimal cut-off of HbA1c for the diagnosis of CAD in 5.6%. Meanwhile, the outweigh
the potential risk of incidental plasma glucose benefits of Statins in preventing CVD events far elevation. ARBs not
ACEIS drugs improve the correlation between HbA1clevel and CAD severity. Future larger studies will be needed to
verify our results to guide clinicians to patients at increased risk and advised about the patients at increased risk and
advise them to consider aggressive coronary risk factor modification and management.

Limitations
Our study has several limitations. Due to the missed test of HbA1c, the final sample size was small. Our research subjects
are Chinese patients with CAD and it might not apply to other populations. Because we exclude Type I diabetes, Stroke,
severe liver and kidney dysfunction, severe heart failure, therefore, the findings of this study cannot be used for these
people. Since patients underwent one-time measurement of HbA1c and the cross-sectional study design, it just
represented that the blood glucose levels in the last 3 months are significantly associated with the SYNTAX scores,
and cannot determine the causal relationship.

Conclusions
In conclusion, the HbA1c is significantly associated with the SYNTAX scores which reflect the severity and complexity
of coronary lesions in CAD patients with and without diabetes. This association is graded, continuous, even after
adjusting the coronary atherosclerotic risk factors and conventional cardiovascular drugs. Thus, HbA1c may be a useful
indicator of CAD patients with and without diabetes similar to cholesterol and inflammatory biomarkers. This risk
becomes evident at an HbA1c level of below 5.9% (prediabetes). However, Statins and ARBs drugs can improve the
correlation between HbA1c level and CAD severity. Controlling the HbA1c level and taking Statins and ARBs drugs in
CAD patients may slow the progression of coronary atherosclerosis. Future larger studies will be needed to verify our
results to guide clinicians about the patients at increased risk and advise them consider aggressive coronary risk factor
modification and management.
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Abbreviations
HbA1c, Glycated hemoglobin A1c; CAD, Coronary Artery Disease; CAG, Coronary angiography; SBP, Systolic
pressure; DBP, Diastolic pressure; BMI, Body mass index; ACEIs, Angiotensin converting enzyme inhibitors; ARBs,
Angiotensin II receptor blockage; CCBS, Calcium antagonist; TC, Total cholesterol; TG, Triglycerides; HDL-C, High-
density lipoprotein; LDL-C, Low-density lipoprotein; UA, Uric acid; UN, Urea nitrogen; FBG, Fasting blood glucose;
ALT, Alanine aminotransferase; Cr, Creatinine; DM, Diabetes mellitus; IFG, Impaired fasting glucose; PKC, Protein
Kinase C.
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