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Background: The effects of glycemic status on coronary physiology have not been well evaluated. This 
study aimed to investigate changes in coronary physiology by using angiographic quantitative flow ratio 
(QFR), and their relationships with diabetes mellitus (DM) and glycemic control status.
Methods: This retrospective cohort study included 530 patients who underwent serial coronary 
angiography (CAG) measurements between January 2016 and December 2021 at Tongji Hospital of Tongji 
University. Based on baseline and follow-up angiograms, 3-vessel QFR (3V-QFR) measurements were 
performed. Functional progression of coronary artery disease (CAD) was defined as a change in 3V-QFR 
(Δ3V-QFR = 3V-QFRfollow-up − 3V-QFRbaseline) ≤−0.05. Univariable and multivariable logistic regression 
analyses were applied to identify the independent predictors of coronary functional progression. Subgroup 
analysis according to diabetic status was performed.
Results: During a median interval of 12.1 (10.6, 14.3) months between the two QFR measurements, 
functional progression was observed in 169 (31.9%) patients. Follow-up glycosylated hemoglobin (HbA1c) 
was predictive of coronary functional progression with an area under the curve (AUC) of 0.599 [95% 
confidence interval (CI): 0.546–0.651; P<0.001] in the entire population. Additionally, the Δ3V-QFR values 
were significantly lower in diabetic patients with HbA1c ≥7.0% compared to those with well-controlled 
HbA1c or non-diabetic patients [−0.03 (−0.09, 0) vs. −0.02 (−0.05, 0.01) vs. −0.02 (−0.05, 0.02); P=0.002]. In 
a fully adjusted multivariable logistics analysis, higher follow-up HbA1c levels were independently associated 
with progression in 3V-QFR [odds ratio (OR), 1.263; 95% CI: 1.078–1.479; P=0.004]. Furthermore, this 
association was particularly strong in diabetic patients (OR, 1.353; 95% CI: 1.082–1.693; P=0.008) compared 
to patients without DM.
Conclusions: Among patients with established CAD, on-treatment HbA1c levels were independently 
associated with progression in physiological atherosclerotic burden, especially in patients with DM.
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Introduction

In recent decades, the functional assessment of coronary 
stenosis by using invasive fractional flow reserve (FFR) has 
been widely adopted in clinical practice, with substantial 
evidence supporting the benefits of coronary physiology-
guided revascularization in patients with ischemic heart 
disease (1,2). However, FFR has several limitations, 
including increased procedural time and cost, the need to 
rely on pressure wires, and the need to induce hyperemia 
with pharmacological agents (3,4). The quantitative flow 
ratio (QFR), derived from three-dimensional (3D) coronary 
artery reconstruction and fluid dynamics computations 
from the routine angiogram, has emerged as an alternative 
approach to evaluate the functional significance of coronary 
stenosis, exhibiting a comparable diagnostic performance 
with invasive FFR (5,6). Additionally, recent studies have 
revealed that the sum of FFR or QFR values in the three 
major coronary arteries (left anterior descending artery, 
left circumflex artery, and right coronary artery) can serve 
as a surrogate marker of total physiological atherosclerotic 
burden, providing improved risk stratification for patients 
with coronary artery disease (CAD) (7,8).

It is widely recognized that diabetes mellitus (DM) is 
strongly associated with an increased risk of atherosclerotic 
cardiovascular disease (9). Furthermore, previous studies 
have indicated that intensive glycemic control can reduce 
the risk of CAD and adverse cardiovascular events (10). 
However, the interplay between glycemic status and the 
coronary physiology has not been well-investigated. A recent 
prospective pilot study reported that alogliptin, a dipeptidyl 
peptidase-4 inhibitor, could not lead to improvements 
in coronary physiology as assessed by FFR derived from 
coronary computed tomography angiography (CTA). It 
is important to note that the sample size of the study was 
relatively small, and there were no significant changes 
in glycemic control levels, as indicated by glycosylated 
hemoglobin (HbA1c), following alogliptin treatment (11). 
Therefore, the current study aimed to investigate the 
relationship between diabetes, glycemic control status, 
and the progression of physiologic atherosclerotic burden 
through serial QFR measurements in the three major 
coronary arteries. We present this article in accordance with 
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1160/rc).

Methods

Study population

This retrospective analysis included patients who underwent 
serial coronary angiography (CAG) at interval of ≥6 months 
between January 2016 and December 2021 at Tongji 
Hospital of Tongji University. A total of 1,043 patients 
who had visible plaques with percent diameter stenosis 
between 20% and 90% in all 3 major epicardial arteries 
were screened. Patients were excluded if they met any of 
the following criteria: (I) previous or planned coronary 
artery bypass graft surgery (n=23); (II) acute myocardial 
infarction (MI) within 72 hours at baseline, or patients 
who experienced adverse cardiac events between the two 
CAG measurements (n=125); (III) incomplete clinical 
information or laboratory data (n=116); (IV) significant 
left main disease, ostial lesions, or diminutive coronary 
artery (n=86); and (V) insufficient angiographic imaging 
quality or other reasons rendering them unsuitable for QFR 
analysis (n=163). Finally, a total of 530 patients who had 
undergone successful serial QFR measurements at both 
the index and follow-up procedures were enrolled. This 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was reviewed 
and approved by the Institutional Review Board of Tongji 
Hospital, Tongji University (No. K-W-2020-016), and the 
requirement for written informed consent was waived due 
to the retrospective nature of the study.

Clinical data collection and definition of DM

Baseline demographics and laboratory parameters of all 
patients were obtained by reviewing the hospital database. 
The doctors who collected the clinical data were blinded 
to the angiographic parameters. The diagnosis of DM was 
determined based on HbA1c or fasting plasma glucose level, 
and an oral glucose tolerance test was performed if still in 
doubt. A diagnosis of DM was defined by meeting one of 
the following criteria: (I) previous physician-assigned DM 
diagnosis; (II) current use of hypoglycemic medications; (III) 
HbA1c level measured during index hospitalization ≥6.5%; 
(IV) fasting plasma glucose ≥7.0 mmol/L or 2-hour plasma 
glucose of oral glucose tolerance test ≥11.1 mmol/L (12). 
Among patients with DM, we further categorized those 
with a follow-up HbA1c level of <7.0% as optimal glycemic 

https://qims.amegroups.com/article/view/10.21037/qims-23-1160/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1160/rc
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control (13).

Angiographic and QFR assessments

Invasive CAG and percutaneous coronary intervention 
(PCI) were performed according to the standard of care 
on the basis of local practice. The Gensini score, a specific 
angiographic scoring system for quantifying the anatomical 
severity of CAD, was calculated based on baseline and 
follow-up angiograms (14). Murray law-based QFR (μQFR) 
analysis was blindly and independently conducted by 
experienced analysts with more than 3 years of experience 
in QFR analysis using the QFR system software (AngioPlus 
Core; Pulse Medical Imaging Technology, Shanghai, 
China), as previously described (15). In brief, a key frame 
with the clearest visualization of coronary stenosis was 
selected and transferred to the QFR system. The lumen 
contour of the interrogated vessel and its side branches with 
diameters ≥1 mm were automatically delineated, and the 
reference diameter function was reconstructed according 
to the Murray fractal law (16). Manual correction of the 
lumen contour was applied when necessary. Subsequently, 
the μQFR value was automatically computed for both 
major epicardial arteries and their side branches. The QFR 
computations were based on the contrast flow model, 
utilizing calculations of contrast flow velocity and pressure 
drop derived from fluid dynamics equations (15,17). QFR 
measurements were recorded for all three major coronary 
arteries (left anterior descending artery, left circumflex 
artery, and right coronary artery) at both index and  
follow-up procedures. We calculated 3-vessel QFR 
(3V-QFR) as the sum of the μQFR values measured in 
the three major coronary arteries. If a PCI was performed 
during the index procedure, the post-PCI QFR value was 
used to calculate 3V-QFR (7). The change in 3V-QFR 
(Δ3V-QFR) was defined as the follow-up 3V-QFR minus the 
baseline 3V-QFR. Based on pervious report, comparisons 
in terms of long-term clinical outcomes were made using a 
cutoff value of −0.05 for serial change in 3V-QFR value (18). 
In the present study, we defined functional progression of 
CAD as a Δ3V-QFR value ≤−0.05.

Statistical analysis

Continuous variables are presented as median with 
interquartile range (25% to 75%), and compared between 
groups using Wilcoxon signed rank test, Mann-Whitney U 
test, or Kruskal-Wallis H test as appropriate. Categorical 

variables were summarized as absolute counts and 
percentages, and compared between groups using Pearson’s 
chi-square or Fisher’s exact test. Logistic regression analysis 
was used to identify the independent predictors of coronary 
functional progression. Adjustments were made for non-
modifiable factors including age, sex, interval time between 
the two CAG measurements, as well as variables with a P 
value <0.05 in the univariable model. Odds ratio (OR) with 
corresponding 95% confidence interval (CI) were reported 
for each unit increase in continuous HbA1c level and for 
categorical variables based on HbA1c tertiles. To assess the 
linear relationship between HbA1c tertiles and functional 
progression, P values for trends were calculated across the 
ordered follow-up HbA1c tertiles (19). Receiver operating 
characteristic (ROC) curve analysis was performed to 
determine the cut-off value of HbA1c for functional 
progression. We performed the subgroup analyses of 
participants according to the diabetic status. The ROC 
curve analysis was also utilized to assess the predictive 
performance for functional progression in patients with and 
without DM. A two-tailed P value <0.05 was considered 
statistically significant. All statistical analyses were 
performed using SPSS version 26.0 (IBM Corp., Armonk, 
NY, USA).

Results

Patient characteristics

A total of 530 patients who met all clinical and imaging 
enrollment criteria were included in the study (Figure 1).  
The median t ime interval  between the two CAG 
measurements was 12.1 (10.6, 14.3) months. Among the 
full patient cohort, the median age was 65 [59, 72] years, 
380 (71.7%) were male, and 219 (41.3%) had diabetes. The 
patient characteristics stratified by Δ3V-QFR levels are 
described in Table 1. One hundred and sixty-nine (31.9%) 
patients showed functional progression (Δ3V-QFR ≤−0.05) 
during the follow-up. The median Δ3V-QFR was −0.09 
(−0.13, 0.06) for patients with functional progression and 0 
(−0.02, 0.02) for those with preserved physiological status. 
Patients with coronary functional progression had a higher 
prevalence of prior MI (27.2% vs. 18.3%, P=0.019), and 
multivessel disease (66.3% vs. 57.1%, P=0.044) compared 
with the non-progression group. There were no differences 
in other characteristics between the two groups, including 
the statin use at both baseline and follow-up (all P>0.05).

Table 2 presents the baseline and follow-up laboratory 
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tests and angiographic findings. The follow-up levels 
of high sensitivity C-reactive protein, total cholesterol, 
triglycerides, and low-density lipoprotein cholesterol 
(LDL-C) were significantly decreased compared to 
baseline (all P<0.001), whereas the follow-up HbA1c was 
slightly higher than baseline [6.3 (5.9, 7.0) vs. 6.2 (5.8, 
6.9), P=0.002]. No significant changes were observed 
in estimated glomerular filtration rate and high-density 
lipoprotein cholesterol (HDL-C) between baseline and 
follow-up levels. At follow-up, Gensini score values were 
significantly higher [23.5 (16.0, 31.5) vs. 21.5 (15.5, 29.0), 
P<0.001], whereas 3V-QFR values were significantly 
lower than baseline [2.84 (2.75, 2.89) vs. 2.86 (2.79, 2.90), 
P<0.001], indicating consistent progression in anatomic and 
functional severity.

Associate between glycemic status and coronary functional 
progression

The results of univariate and multivariate logistic regression 
analyses are shown in Table S1. The univariate analysis 
indicated that the follow-up level of HbA1c (OR, 1.338; 
95% CI: 1.151–1.555; P<0.001), but not the history of DM 

(OR, 1.386; 95% CI: 0.958–2.004; P=0.083), was a potential 
factor associated with accelerated functional progression of 
CAD. Furthermore, after adjustment for age, sex, interval 
time between CAG measurements, and significant variables 
in univariable model (including previous MI, multivessel 
disease, follow-up levels of triglycerides, and LDL-C), the 
on-treatment HbA1c level remained a strong determinant 
of coronary functional progression (OR, 1.263; 95% CI: 
1.078–1.479; P=0.004).

Associations between serum HbA1c level and coronary 
functional progression in patients with or without DM

Univariate and multivariate logistic regression models were 
performed to investigate the correlations between follow-up  
HbA1c level and disease progression in subgroups with 
or without DM. In the non-DM group, the follow-up 
HbA1c level was found not to be a significant predictor for 
coronary functional progression in the fully adjusted model 
(OR, 1.654; 95% CI: 0.857–3.192; P=0.133). However, in 
the DM group, the follow-up HbA1c (each 1% increase) 
was independently associated with higher risk of functional 
progression as a continuous variable (OR, 1.353; 95% CI: 

1,043 CAD patients with visible plaque (20–90% stenosis) who underwent serial 
CAG ≥6 months apart

530 patients were included in final analysis

∆3V-QFR = follow-up 3V-QFR – baseline 3V-QFR

Non-functional progression
(n=361)

Functional progression
(n=169)

Patient exclusion:
•	Previous or indication for CABG (n=23)
•	Acute myocardial infarction within 72 hours or experienced 

adverse events before follow-up CAG (n=125)
•	Incomplete clinical information or laboratory data (n=116)
•	Left main disease, ostial lesions or small vessels (n=86)
•	Failed for QFR analysis (n=163)

∆3V-QFR >−0.05 ∆3V-QFR ≤−0.05

Figure 1 Study flow chart. CAD, coronary artery disease; CAG, coronary angiography; CABG, coronary artery bypass graft; QFR, 
quantitative flow ratio; 3V-QFR, 3-vessel QFR.

https://cdn.amegroups.cn/static/public/QIMS-23-1160-Supplementary.pdf
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1.082–1.693; P=0.008). After fully adjusting for confounding 
risk factors, an increased serum level of follow-up HbA1c 
(tertile 3) was associated with an increased risk of functional 
progression (P for trend =0.032). Patients in the highest 
tertile of follow-up HbA1c had a significantly higher risk of 
functional progression (OR, 2.661; 95% CI: 1.281–5.526; 
P=0.009) (Table 3).

ROC analysis demonstrated that follow-up HbA1c had 

a good diagnostic value in discriminating patients with 
functional progression from those without progression 
[area under the curve (AUC), 0.599; 95% CI: 0.546–0.651; 
P<0.001] in the entire cohort (Figure 2A). Similar diagnostic 
value of AUC was observed in subgroup analysis for DM 
patients (AUC, 0.630; 95% CI: 0.554–0.707; P=0.001), 
with a best cut-off value of 7.15%. However, there was no 
significant diagnostic value observed in non-DM patients 

Table 1 Patient characteristics stratified according to the level of Δ3V-QFR

Variables Total (n=530) Δ3V-QFR >−0.05 (n=361) Δ3V-QFR ≤−0.05 (n=169) P value

Δ3V-QFR −0.02 [−0.06, 0.01] 0 [−0.02, 0.02] −0.09 [−0.13, 0.06] <0.001

Inter-CAG period (months) 12.1 [10.6, 14.3] 12.1 [10.5, 14.3] 12.2 [11.0, 14.2] 0.575

Age (years) 65 [59, 72] 65 [59, 72] 66 [60, 72] 0.249

Male 380 (71.7) 256 (70.9) 124 (73.4) 0.558

Body mass index (kg/m2) 24.8 [22.5, 26.6] 24.7 [22.4, 26.8] 25.1 [22.6, 26.9] 0.277

Current or former smoker 285 (53.8) 188 (52.1) 97 (57.4) 0.252

Clinical presentation 0.929

Asymptomatic ischemia 68 (12.8) 48 (13.3) 20 (11.8)

Stable angina 211 (39.8) 144 (39.9) 67 (39.6)

Unstable angina 198 (37.4) 132 (36.6) 66 (39.1)

Post-MI within 1 month 53 (10.0) 37 (10.2) 16 (9.5)

DM 219 (41.3) 140 (38.8) 79 (46.7) 0.083

Hypertension 375 (70.8) 249 (69.0) 126 (74.6) 0.188

Hyperlipidemia 306 (57.7) 201 (55.7) 105 (62.1) 0.161

Previous MI 112 (21.1) 66 (18.3) 46 (27.2) 0.019

Previous stroke 52 (9.8) 34 (9.4) 18 (10.7) 0.657

Previous or index PCI 476 (89.8) 328 (90.0) 148 (87.6) 0.244

Multivessel disease 318 (60.0) 206 (57.1) 112 (66.3) 0.044

Medications at baseline CAG

Antiplatelet agent 526 (99.2) 359 (99.4) 167 (98.8) 0.596

Statin use 517 (97.5) 351 (97.2) 166 (98.2) 0.763

Insulin use 48 (9.1) 28 (7.8) 20 (11.8) 0.127

Medications at follow-up CAG

Antiplatelet agent 515 (97.1) 351 (97.2) 164 (97.0) >0.999

Statin use 520 (98.1) 352 (97.5) 168 (99.4) 0.181

Insulin use 53 (10.0) 30 (8.3) 23 (13.6) 0.058

Data are expressed as n (%) or median [25th, 75th percentiles]. 3V-QFR, 3-vessel quantitative flow ratio; CAG, coronary angiography; MI, 
myocardial infarction; DM, diabetes mellitus; PCI, percutaneous coronary intervention.
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Table 2 Baseline and follow-up laboratory and angiographic data

Variables Baseline Follow-up Change from baseline P value

eGFR (mL/min/1.73 m2) 83.7 (71.1, 96.0) 84.4 (72.0, 97.9) 1.1 (−8.7, 11.9) 0.070

hs-CRP (mg/L) 1.84 (0.81, 3.81) 1.09 (0.41, 2.44) −0.37 (−2.14, −0.01) <0.001

HbA1c (%) 6.2 (5.8, 6.9) 6.3 (5.9, 7.0) 0.1 (−0.2, 0.3) 0.002

Total cholesterol (mmol/L) 4.23 (3.52, 4.92) 3.40 (2.90, 3.99) −0.70 (−1.56, −0.04) <0.001

Triglycerides (mmol/L) 1.34 (0.99, 1.95) 1.16 (0.87, 1.69) −0.14 (−0.52, 0.13) <0.001

HDL-C (mmol/L) 1.01 (0.88, 1.19) 1.03 (0.86, 1.21) 0.01 (−0.11, 0.12) 0.310

LDL-C (mmol/L) 2.79 (2.18, 3.34) 2.05 (1.68, 2.54) −0.53 (−1.29, −0.01) <0.001

Gensini score 21.5 (15.5, 29.0) 23.5 (16.0, 31.5) 1.0 (0, 3.0) <0.001

3V-QFR 2.86 (2.79, 2.90) 2.84 (2.75, 2.89) −0.02 (−0.06, 0.01) <0.001

Data are expressed as median (25th, 75th percentiles). eGFR, estimated glomerular filtration rate; hs-CRP, high sensitivity C-reactive 
protein; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
3V-QFR, 3-vessel quantitative flow ratio.

Table 3 Association between serum HbA1c level and the risk of functional progression

Groups Tertile 1 Tertile 2 Tertile 3 Ptrend 1% increase P value

Overall (n=530)

Unadjusted 1.0 1.297 (0.818–2.057) 2.275 (1.439–3.599) 0.001 1.338 (1.151–1.555) <0.001

Model 1 1.0 1.268 (0.796–2.019) 2.229 (1.405–3.535) 0.002 1.336 (1.149–1.554) <0.001

Model 2 1.0 1.161 (0.719–1.874) 1.879 (1.160–3.043) 0.025 1.263 (1.078–1.479) 0.004

Non-DM (n=311)

Unadjusted 1.0 1.099 (0.613–1.969) 1.998 (1.079–3.699) 0.067 1.924 (1.017–3.641) 0.044

Model 1 1.0 1.066 (0.593–1.917) 1.959 (1.036–3.704) 0.088 1.920 (1.006–3.664) 0.048

Model 2 1.0 1.079 (0.593–1.963) 1.703 (0.882–3.286) 0.255 1.654 (0.857–3.192) 0.133

DM (n=219)

Unadjusted 1.0 1.890 (0.931–3.837) 2.849 (1.434–5.658) 0.011 1.381 (1.119–1.704) 0.003

Model 1 1.0 1.845 (0.903–3.773) 2.901 (1.456–5.782) 0.010 1.383 (1.120–1.708) 0.003

Model 2 1.0 1.761 (0.828–3.746) 2.661 (1.281–5.526) 0.032 1.353 (1.082–1.693) 0.008

Data are expressed as OR (95% CI). Laboratory variables were measured at follow-up CAG. Model 1 adjusted for age, sex, and inter-
CAG period; model 2 adjusted for all factors in model 1 plus clinical factors with P<0.05 in univariable analysis (previous MI, multivessel 
disease, follow-up levels of triglyceride, LDL-C and HbA1c). HbA1c, glycosylated hemoglobin; DM, diabetes mellitus; OR, odds ratio; CI, 
confidence interval; CAG, coronary angiography; MI, myocardial infarction; LDL-C, low-density lipoprotein cholesterol.

(AUC, 0.571; 95% CI: 0.499–0.643; P=0.054) (Figure 2B).  
Subgroup analysis further revealed that DM patients 
without optimal glycemic control (HbA1c ≥7.0%) had 
significantly lower Δ3V-QFR values compared to DM 
patients with optimal glycemic control (HbA1c <7.0%) or 

non-DM patients [−0.03 (−0.09, 0) vs. −0.02 (−0.05, 0.01) 
vs. −0.02 (−0.05, 0.02); overall P=0.002). However, no 
significant difference in the Δ3V-QFR levels was observed 
between DM patients with optimal glycemic control and 
non-DM patients (P>0.05) (Figure 3).
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Discussion

To the best of our knowledge, this is the first study to 
utilize serial angiography-derived QFR to explore the 
impact of glycemic status on physiological progression of 
atherosclerotic disease. Our major findings indicate that 
on-treatment HbA1c, rather than history of DM, was an 
independent predictor of coronary functional progression 
even after adjusting for confounding risk factors. Notably, 
we observed that DM patients who achieved the optimal 
HbA1c target (<7.0%) showed slower functional progression 
compared to those with poor glycemic control.

Over the last few decades, atherosclerosis has been 
widely recognized as a systematic disease presented with a 

chronic and progressive process, with plaque progression 
representing a necessary but modifiable step between 
subclinical atherosclerosis and acute clinical events (20). 
Consequently, there has been growing interest in studying 
the natural evolution of coronary atherosclerosis and 
assessing changes in plaque volume and composition in 
response to medical therapy by using invasive intracoronary 
imaging or noninvasive coronary CTA (21,22). Although 
coronary physiology testing has emerged as a valuable 
approach in the evaluation of lesion severity and in the 
management of CAD patients, the clinical implications of 
coronary physiological changes have not been extensively 
studied. A previous study described a slow longitudinal 
physiological progression, as evaluated by per-vessel FFR, 
with a median decrease of 0.007 per year (23). In the present 
study, we utilized serial changes in QFR values across all 
three major coronary arteries as a marker of progression in 
total physiologic atherosclerotic burden, giving the previous 
evidence supporting the prognostic value of 3-vessel 
physiological assessments in CAD patients (7,8,24). Our 
results demonstrated a similarly slow decline in coronary 
physiology at patient level, as quantified by a median Δ3V-
QFR of −0.02 during 1-year follow-up (Table 2), aligning 
with the previous serial FFR study (23,25). Notably, QFR 
is a novel physiological index derived from routine CAG. It 
holds a significant advantage by reducing the cost, time, and 
potential risk associated with placing a pressure wire into 
a coronary artery when compared to the invasive FFR (3). 
As a result, this image-based computational QFR bears the 
potential to facilitate the wider adoption of physiological 
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Figure 3 Changes in 3V-QFR values according to glycemic status. 
3V-QFR, 3-vessel quantitative flow ratio; DM, diabetes mellitus; 
OGC, optimal glycemic control; NS, not significant.

Figure 2 ROC curves of the on-treatment HbA1c level for predicting functional progression. ROC curves of the on-treatment HbA1c level 
for predicting coronary functional progression in the whole cohort (A) and subgroups with or without DM (B). AUC, area under the curve; 
CI, confidence interval; DM, diabetes mellitus; ROC, receiver operating characteristic; HbA1c, glycosylated hemoglobin.
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assessments in the catheterization laboratory, particularly 
in the context of monitoring the functional progression of 
atherosclerotic disease.

Plaque progression of coronary atherosclerotic disease 
can be influenced by multiple clinical factors. In the present 
study, we observed that prior history of MI, follow-up 
levels of serum triglycerides, LDL-C, and HbA1c were 
independently associated with an increased risk of functional 
progression after adjusting for confounders (Table S1). 
These findings highlight the potential benefits of optimal 
control of blood lipid and glucose levels in improving 
coronary physiology. Several studies have demonstrated 
the relationship between LDL-C control and functional 
progression, with evidence suggesting that achievement 
of optimal LDL-C levels can lead to improvements in 
FFR or QFR values in patients with CAD (25-27). In line 
with these studies, our results also showed that coronary 
physiological burden could be modified by achieving 
optimal levels of LDL-C. In addition to LDL-C, serum 
triglyceride, a biomarker for triglyceride-rich lipoproteins, 
has been considered as a marker of residual cardiovascular 
risk. Previous studies have shown that elevated triglyceride 
levels are associated with a higher risk of atherosclerotic 
cardiovascular disease events in patients receiving statin 
therapy (28,29). A recent trial involving 47 patients with 
elevated fasting triglyceride levels demonstrated that a high 
dose of icosapent ethyl could improve coronary physiology. 
However, the treatment of icosapent ethyl did not lead to a 
significant difference in the reduction of triglyceride levels 
compared to the control group (30). In the present study, 
we observed an association between follow-up triglyceride 
levels and coronary physiological progression assessed 
by seral QFR measurements. Hence, future large-scale 
prospective studies utilizing serial coronary physiological 
measurements are warranted to further understand the 
relationship between the functional progression and residual 
cardiovascular risk. Nevertheless, these results suggest 
that monitoring serial changes in 3V-QFR could serve as 
a surrogate marker for assessing the response to medical 
therapies in patients with CAD.

Diabetes  i s  a  we l l -e s tab l i shed  r i sk  f ac tor  for 
cardiovascular atherosclerotic disease and subsequent 
adverse events. Previous studies have reported the 
relationship between DM and rapid progression in atheroma 
volume or coronary calcification (31-33). However, these 
studies did not consider the glycemic control status of 
DM patients, and several studies have shown that plaque 

progression and clinical events can be prevented through 
glycemic control as indicated by serum HbA1c levels 
(10,34,35). A recent meta-analysis of cardiovascular 
outcome trials involving 40,346 patients revealed that an 
intensive glucose-lowering approach resulted in a 14% 
reduction in the risk of major adverse cardiovascular events 
compared with conventional treatment. Additionally, 
higher HbA1c values during the first year of diabetes 
diagnosis were associated with an increased risk of adverse 
cardiovascular events (36). In the current study, we 
demonstrated that glycemic status as reflected by follow-up  
HbA1c levels is an independent risk factor of coronary 
functional progression, whereas diagnosis of DM was not 
significantly associated with functional progression (Table 3). 
Importantly, in patients with DM, an optimal HbA1c goal 
achievement leads to physiological improvement (Figure 3). 
These results are consistent with prior imaging studies that 
utilized serial coronary CTA or intravascular ultrasound 
(IVUS) measurements to assess the relationship between 
coronary atheroma progression and glycemic control level 
(34,37,38). In the prospective PERISCOPE (Pioglitazone 
Effect on Regression of Intravascular Sonographic 
Coronary Obstruction Prospective Evaluation) trial, 
pioglitazone treatment, compared with glimepiride, resulted 
in a significantly greater reduction in HbA1c levels and 
was associated with a lower rate of plaque progression (37). 
Furthermore, several observational studies have reported 
that individuals with higher HbA1c levels exhibited a 
greater plaque progression incidence (34,38). Our results, 
together with the aforementioned studies, support the 
beneficial effects of intensive glycemic control in halting 
coronary plaque progression. These findings emphasize the 
importance of closely monitoring of glycemic status and the 
clinical necessity for intensive medical therapies to manage 
residual glycemic risk in patients with CAD, particularly for 
those with uncontrolled diabetes.

Several limitations of the present study should be 
considered. First, in this single-center, retrospective 
observational study, selection bias might have been 
introduced due to the rigorous inclusion and exclusion 
criteria. Second, invasive pressure wire-based FFR, which 
is considered the gold standard for coronary physiological 
measurement, was not acquired in this study. However, 
angiography-derived QFR has been extensively validated 
and bears promising potential for clinical application (5,39). 
Third, a large proportion of the patients underwent PCI in 
at least one coronary artery. Therefore, our data may not 

https://cdn.amegroups.cn/static/public/QIMS-23-1160-Supplementary.pdf
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accurately reflect the natural history of the physiological 
progression of atherosclerosis disease. Further prospective 
studies are required to address this issue among CAD 
patients receiving medication treatments. Fourth, the 
AUC of follow-up HbA1c levels for predicting coronary 
functional progression was relatively low, possibly due to 
the small sample size, limiting its clinical significance for 
detecting plaque progression by monitoring glycemic status. 
In fact, the underlying mechanisms of plaque progression 
are complex and involve multiple drivers (40). Future large-
scale studies are needed to develop a more robust predictive 
model by incorporating various risk factors. Lastly, due to 
the observational nature of our study, the medications for 
dyslipidemia, diabetes, and longitudinal HbA1c control 
levels between CAG assessments were not available. 
Thus, we were unable to adjust these potential residual 
confounders that may contribute to plaque progression. 
Future prospective studies are needed to explore the effects 
of glycemic control with medication therapies on the 
functional progression of CAD.

Conclusions

In patients with established CAD, higher on-treatment 
HbA1c levels were independently associated with an 
accelerated coronary functional progression rate as assessed 
by serial 3V-QFR measurements. Patients with DM who 
achieved the HbA1c target had a slower rate of functional 
progression than those with poor glycemic control. These 
findings highlight the importance of closely monitoring of 
glycemic status in clinical practice and support the need to 
modulate glycemic risk to prevent disease progression and 
subsequent atherosclerotic events.
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