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Abstract
Background
In statins-treated diabetic mellitus (DM) patients, longitudinal coronary CTA (CCTA) evidence is scarce regarding the relationship between coronary Agatston artery calcification scores (CACs) and coronary plaque progression. This study was designed to investigate whether the association between CACs progression and compositional plaque volumes (PVs) progression differed between follow-up low-density lipoprotein cholesterol (LDL-C) controlled and uncontrolled groups in statins-treated DM patients.

Methods
From January 2015 to June 2021, 208 patients who submitted serial clinically indicated CCTAs in our hospital were included in this study. Participants were further subdivided into LDL-C controlled (n = 75) and LDL-C uncontrolled (n = 133) groups according to whether the LDL-C reached the treatment goals at follow-up. Baseline and follow-up CCTA image datasets were quantified analysis at per-patient and per-plaque levels. The annual change of total PV (TPV), calcific PV(CPV), non-calcific PV (NCPV), low-density non-calcific PV (LD-NCPV), and CACs were assessed and further compared according to follow-up LDL-C status. The effect of CACs progression on the annual change of componential PVs was evaluated according to follow-up LDL-C status at both per-patient and per-plaque levels.

Results
The annual change of CACs was positively associated with the annual change of TPV (β = 0.43 and 0.61, both p < 0.001), CPV (β = 0.23 and β = 0.19, p < 0.001 and p = 0.004, respectively), NCPV (β = 0.20 and β = 0.42, p < 0.001 and p = 0.006, respectively), and LD-NCPV (β = 0.08 and 0.13, p < 0.001 and p = 0.001, respectively) both on per-patients and per-plaque levels. LDL-C status had no effect on the annual change of TPV, CPV, NCPV, and LD-NCPV (all p > 0.05). After adjusting for confounding factors, on the per-patient level, the increase in CACs was independently associated with annual change of TPV (β = 0.650 and 0.378, respectively, both p < 0.001), CPV (β = 0.169 and 0.232, respectively, p = 0.007 and p < 0.001), NCPV (β = 0.469 and 0.144, respectively, both p = 0.001), and LD-NCPV (β = 0.082 and 0.086, respectively, p = 0.004 and p = 0.006) in LDL-C controlled and LDL-C uncontrolled group. On the per-plaque level, the increase in CACs was independently associated with the annual change of NCPV and LD-NCPV in LDL-C uncontrolled patient (β = 0.188 and 0.106, p < 0.001), but not in LDL-C controlled group (β = 0.268 and 0.056, p = 0.085 and 0.08).

Conclusions
The increase of CACs in statins-treated DM patients indicates the progression of compositional PVs. From a per-plaque perspective, there might be increased instability of individual plaques concomitant with CACs increase in LDL-C uncontrolled patients.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12933-022-01556-y.
Keywords
Diabetes mellitusCoronary computed tomography angiographyCoronary atherosclerosisStatinsLDL-C
Abbreviations
	CACs
	Coronary artery calcium score

	CAD
	Coronary artery disease

	ASCVD
	Atherosclerotic cardiovascular disease

	LDL-C
	Low-density lipoprotein cholesterol

	TPV
	Total plaque volume

	CPV
	Calcified plaque volume

	NCPV
	Non-calcified plaque volume

	LD-NCPV
	Low-density non-calcified plaque volume




Zhi-Gang Yang and Yuan Li contributed equally to this work and should be considered co-corresponding authors
Background
Coronary artery disease (CAD) is the leading cause of morbidity and life years lost worldwide [1]. Low-density lipoprotein cholesterol (LDL-C) deposition in arterial walls is an important part of coronary atherosclerosis formation [2]. Comorbidities of diabetes mellitus (DM), including insulin resistance, hyperglycemia and hyperlipidemia, have synergistically contributed to the development and advancement of CAD [3]. Considerable evidence suggests that serum LDL-C is a predictor of CAD in the DM population, even exceeding the predictive power of hemoglobin A1c (HbA1c) [4]. Statins are the cornerstone of lipid-lowering drugs in DM. Once diabetes is diagnosed, patients with no contraindications are routinely recommended lipid therapy as the primary prevention of cardiovascular disease [5]. Due to poor patient compliance, not all DM patients maintain ideal lipid control at follow-up.
Several studies have focused on the natural history of coronary atherosclerosis progression [6–8]. Coronary artery calcium score (CACs) is considered one of the critical indicators for coronary atherosclerosis severity, but the results maintain discrepancy in individuals on medication, especially with statins use. Coronary CTA (CCTA) is an important means to assess coronary atherosclerosis with the ability to assess both plaque composition and stenosis [9]. Longitudinal CCTA evidence on the association between CACs and coronary plaque progression in DM patients is scarce. The present study was designed to investigate the impactors of compositional plaque volumes (PVs) progression in statins-treated DM patients and to explore whether the association between CACs progression and compositional PVs progression differed between increased follow-up LDL-C and normal LDL-C groups in statins-treated DM patients who underwent serial CCTAs.
Methods
Study population
The Institutional Review Board approved this study, and informed consent was waived due to the retrospective nature of this investigation. From January 2015 to June 2021, clinically diagnosed diabetes patients who received clinically indicated serial CCTAs in our hospital were retrospectively recruited. Baseline CCTAs were performed for angina, suspected angina, abnormal ECGs, preoperative evaluation, or screening of CAD in the population with multiple CAD high-risk factors. Follow-up CCTA examinations were performed for new developed cardiovascular symptoms, worsening of pre-existing cardiovascular symptoms, or regular physical exams. Inclusion criteria were (1) at least a one-year interscan interval between serial CCTAs; (2) laboratory tests within one week before and after each CCTA scan; (3) indications for statin use and withdrawal from statins for no more than three months during the follow-up period. Exclusion criteria were (1) revascularization or coronary artery bypass during two CCTA scans, (2) severe coronary calcification (CAC score > 1000), (3) documented cardiac surgery (e.g., valve replacement, any surgery of the heart or arteries), (4) poor image quality (image quality score less than 2), and (5) lack of crucial information (e.g., basic clinical information, statins use, baseline or follow-up lipid profile).
After using the inclusion and exclusion criteria, 208 patients were finally included in the present research. Atherosclerotic cardiovascular disease (ASCVD) risk categories and corresponding LDL-C treatment goals were assessed according to the AACE/ACE consensus statement [10]. Participants were further subdivided into LDL-C controlled (n = 75) and LDL-C uncontrolled (n = 133) groups according to whether the LDL-C achieved individual’s treatment goals at follow-up (Fig. 1, Additional file 1: Table S1).[image: ]
Fig. 1Flow chart of the study. LDL-C: low-density lipoprotein cholesterol; CCTA: Coronary computed tomographic angiography


Clinical histories, medication records, and laboratory examinations results were obtained through Hospital Information System and Laboratory Information System before the baseline and follow-up coronary CTA. Statins use during follow-up was assessed in follow-up medical records.
Coronary CTA obtain and analysis
Coronary CTA scan protocol
CCTAs data acquisition and image post-processing were performed in accordance with the Society of Cardiovascular Computed Tomography guidelines [11]. All CCTA scans were performed on multidetector CT systems, and beta-blocker was not routinely used in our study. The scanning range was 20 mm below the inferior cardiac apex from the tracheal bifurcation. Detailed scan parameters are displayed in supplementary materials (Additional file 1: Table S2).
Coronary CTA analysis
Baseline and follow-up datasets were analyzed by two experienced radiologists (with at least 3–4 years of experience performing CCTA analysis) who were blinded to all clinical data. Image quality was independently evaluated by the two radiologists using a 4-point scale system [12]. The 4-point scale was as follows: 4, excellent, no artifacts; 3, good, mild artifacts and do not affect the analysis of coronary atherosclerotic lesions; 2, acceptable, moderate artifact present but images are still interpretable; and 1, poor, completely uninterpretable image quality due to severe artifacts. Image datasets were post-processed and quantitatively analyzed by the two radiologists using commercial software (cvi42, Circle Cardiovascular Imaging, Calgary, Canada). Coronary were evaluated using a modified 17-segment American Heart Association model, and segments with a diameter ≥ 2 mm were included analysis. Atherosclerotic plaques were matched between baseline and follow-up coronary trees using branch points, distance from ostia, or branch vessel takeoffs as landmarks. CCTA image datasets were loaded in the coronary module, a landmark was placed in the ascending aorta, and coronary centerlines is generated automatically, with manual corrections as needed. Coronary vessels visually and quantitatively assessment was performed based on existing centerlines. After defining the stenosis marker and lesion range, stenosis measurements, total PV (TPV), calcific PV(CPV), non-calcific PV (NCPV), and low-density non-calcific PV (LD-NCPV) were obtained (Fig. 2). Non-contrast CCTA imaging was used for the Calcium Scoring post-processing with a threshold of 130 HU and a pre-set calcification mass calibration factor. After defining the range of calcifications, CACs were automatically calculated using the Agatston method. Annual change of PVs was defined as total PV change (mm3) divided by the inter-scan period (year). Annual change of CACs was defined as total CACs change divided by the inter-scan period (year). The analysis was performed on a per-plaque basis, and the whole-heart data was the sum of individual plaques in the coronary tree. When the distance between two lesions was less than 5 mm, it was regarded as one plaque, and when the distance was greater than 5 mm, it was regarded as two separate serial lesions. Obstructive lesions were defined as area stenosis greater than 50%. Patients with obstructive lesions in the coronary artery tree were defined as obstructive patients. A representative imaging is shown in Fig. 3.[image: ]
Fig. 2Schematic diagram of quantitative coronary plaque analysis. After a landmark in the ascending aorta is placed, coronary centerlines generation automatically (a red and light purple lines). A surface reconstruction image of the target vessel is automatically generated (b), and the stenosis marker and lesion range are defined on the surface reconstruction images. After the plaque quantitative analysis is completed, different plaque components are marked with colors (c, yellow for calcified plaque, orange for non-calcified plaque, and red for low-density non-calcified plaque)

[image: ]
Fig. 3Representative imaging. A 48-year-old female diabetic patient whose ASCVD risk category is very high risk. There was a non-calcific plaque on the proximal left anterior descending coronary artery at the baseline CCTA (a1, a2). The non-calcified plaque volume was 107.21 mm3, and the stenosis degree was 30.26%. After an 18-month follow-up, the LDL-C at follow-up was 3.6 mmol/L. Follow-up CCTA showed an increase in the extent of the original lesion, along with new formation of calcified components. The calcified volume in the plaque was 97.4 mm3 and the non-calcified volume was 144.24 mm3, with a stenosis of 65.5% (b1, b2)        .


Reproducibility analysis
To determine intra- and inter-observer variability, stenosis, compositional PVs, and TPV in 60 random subjects (30 subjects per group) were measured twice by a radiologist (S.R with 4-year of experience performing coronary CT angiography) at a 2-week interval. Another investigator (W.J., with 7-year of experience performing coronary CT angiography) reanalyzed the measurement results of the software (cvi42). The twice measurement results of the first investigators were used to assess intra-observer variability. The measurement results of the two investigators were used to assess inter-observer variability.
Statistical analysis
Clinical and imaging data were stratified based on follow-up LDL-C status. Categorical variables are expressed as frequency (%) and compared using the Chi-square test or fisher’s exact test (if the expected cell value was ≤ 5). Continuous variables are expressed as the mean ± standard deviation for normally distributed data or the median (interquartile range) for non-normally distributed data. Comparisons between LDL-C controlled and uncontrolled groups were performed using the independent t-test or Mann–Whitney U test as appropriate. Baseline and follow-up CCTA quantitative analysis parameters, such as CACs, TPV, CPV, NCPV, and LD-NCPV, were compared by Wilcoxon signed-rank test. Univariate and multivariate linear regression analyses were performed to determine the impactors of the annual change of TPV, CPV, NCPV, and LD-NCPV. To explore the association between CACs increase and annual PV change according to LDL-C control status, multivariate linear regression (for per-patient level) models and generalized estimating equations (GEE) (for per-plaque level) were constructed. Variables with p-values ≤ 0.1 in univariate regression analysis and recognized cardiovascular risk factors (age, male sex, hypertension, family history of CAD, smoking history, drinking, HbA1c, LDL-C status, and body mass index) were adjusted in the multivariate models. The statistical analyses were performed using IBM SPSS Statistics for Windows, version 25.0 (IBMCorp., Armonk, NY, USA). A two-sided p-value of < 0.05 was considered statistically significant.
Results
Clinical characteristics and lipid profiles
The clinical characteristics and lipid profiles of participants in different follow-up LDL-C statuses are presented in Table 1. There were 208 DM patients included in this study (median 68 years old, 64.9% males, median inter-scan interval 3.0 years). There were 75 in the LDL-C controlled group and 133 in the uncontrolled group. The LDL-C controlled group showed older age than LDL-C controlled group (p < 0.001). LDL-C uncontrolled group had higher total cholesterol (baseline: 4.31(3.64,5.20) vs. 3.73(3.16,4.24), p < 0.001; follow-up: 4.28(3.73,4.92) vs. 2.90(2.56,3.32), p < 0.001) and LDL-C (baseline: 2.46(1.87,3.02) vs. 1.84(1.47,2.45), p < 0.001; follow-up: 2.33(1.99,2.83) vs. 1.37(1.09,1.55), p < 0.001) than LDL-C controlled group. LDL-C uncontrolled group had higher triglycerides than LDL-C controlled group at follow-up (1.34(1.00, 2.11) vs. 1.09(0.81, 1.67), p = 0.005). There were no differences between groups in sex, body mass index (BMI), medication use, other high-risk factors, or inter-scan interval.Table 1Baseline clinical characteristics and lipid profiles


	 	Total n = 208
	LDL-C status

	LDL-C controlled n = 75
	LDL-C uncontrolled n = 133
	p-value

	Age, years
	68(58.5,76)
	72(64.0,80.0)
	65(56.5,73.5)
	 < 0.001

	Male, n (%)
	135(64.9)
	50(66.7)
	85(63.9)
	0.689

	BMI, kg/m2
	24.5(22.8,26.6)
	24.7(22.9,26.8)
	24.3(22.8,26.6)
	0.625

	Systolic BP, mmHg
	134(125,144)
	135.5(125,144)
	133(124,145)
	0.825

	Diastolic BP, mmHg
	76(70,83)
	74(67,80)
	78(70,85)
	0.009

	Hypertension, n (%)
	156(75)
	60(80)
	96(72.2)
	0.211

	Smoking, n (%)
	68(32.7)
	22(29.3)
	46(34.6)
	0.438

	CAD family history, n (%)
	30(14.4)
	12(16)
	18(13.5)
	0.627

	ASCVD Risk Categories
	 	 	 	0.378

	 High risk, n (%)
	16(7.7)
	4(5.3)
	12(9.0)
	 
	 Very high risk, n (%)
	158(76.0)
	61(81.3)
	97(72.9)
	 
	 Extreme risk, n (%)
	34(16.3)
	10(13.3)
	24(18.0)
	 
	Lipid profile at baseline (mmol/L)

	 Total cholesterol
	4.14(3.43,4.92)
	3.73(3.16,4.24)
	4.31(3.64,5.20)
	 < 0.001

	 Triglyceride
	1.44(1.03,2.08)
	1.27(1.0,1.77)
	1.48(1.05,2.41)
	0.153

	 HDL‑C
	1.18(0.95,1.45)
	1.18(0.92,1.44)
	1.19(0.95,1.46)
	0.512

	 LDL‑C
	2.20(1.64,2.84)
	1.84(1.47,2.45)
	2.46(1.87,3.02)
	 < 0.001

	Glucose, mmol/L
	6.91(5.62,8.42)
	6.72(5.60,8.24)
	7.03(5.71,8.46)
	0.583

	HbA1C, %
	6.9(6.2,7.8)
	6.90(6.30,7.60)
	6.90(6.20,8.00)
	0.908

	Cre, μmol/L
	74.7(64.1,88.1)
	75.00(65.55,88.05)
	73.30(63.75,88.50)
	0.842

	Lipid profile at follow-up (mmol/L)

	 Total cholesterol
	3.76(3.21,4.56)
	2.90(2.56,3.32)
	4.28(3.73,4.92)
	 < 0.001

	 Triglyceride
	1.24(0.94,1.95)
	1.09(0.81,1.67)
	1.34(1.00,2.11)
	0.005

	 HDL‑C
	1.18(0.94,1.42)
	1.07(0.88,1.38)
	1.24(0.96,1.44)
	0.107

	 LDL‑C
	1.99(1.55,2.63)
	1.37(1.09,1.55)
	2.33(1.99,2.83)
	 < 0.001

	Glucose, mmol/L
	6.67(5.59,8.43)
	6.73(5.48,8.46)
	6.61(5.71,8.43)
	0.960

	HbA1C, %
	6.8(6.2,7.8)
	7.00(6.20,7.63)
	6.70(6.25,7.80)
	0.945

	Cre, μmol/L
	75.00(63.00,88.00)
	79.00(65.00,87.45)
	72.5(60.75,88.00)
	0.203

	Anti-diabetic treatment

	 Insulin, n (%)
	42(20.2)
	19(25.4)
	23(17.3)
	0.165

	 Metformin, n (%)
	39(18.8)
	15(20)
	24(18.1)
	0.729

	 Sulfonylurea, n (%)
	47(22.6)
	18(24)
	29(21.8)
	0.606

	α-glucosidase inhibitor, n (%)
	66(31.7)
	29(38.7)
	37(27.8)
	0.137

	Other, n (%)
	5(2.4)
	2(2.7)
	3(2.3)
	0.594

	Non-drug, n (%)
	55(26.4)
	15(20)
	40(30.1)
	0.114

	Aspirin/clopidogrel, n (%)
	110(52.8)
	46(61.3)
	64(48.1)
	0.067

	Inter-scan period, year
	3.0(1.8,4.3)
	3.3(1.6,4.5)
	2.9(1.8,4.3)
	0.227


Data are reported as n (%) or median (interquartile range) appropriately
BMI: body mass index; CAD: coronary artery disease; ASCVD: atherosclerotic cardiovascular disease; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein-cholesterol; Cre: creatinine; HbA1C: hemoglobin AIc



Comparison of CCTA quantitative analysis results between LDL-C controlled and uncontrolled groups on a per-patient level
A detailed overview of CCTA quantitative analysis results is provided in Tables 2, 3. At the per-patient level, CACs, TPV, CPV, NCPV, LD-NCPV, and obstructive patients were increased during follow-up period in the two groups (all p < 0.05). Comparison with LDL-C uncontrolled group, larger CPV were found in LDL-C controlled group at baseline (12.66(2.19, 43.67) vs. 7.61(0, 36.99), p = 0.047), and this difference was not found at follow-up (13.87(1.86,67.88) vs. 30.6(6.16,71.42), p = 0.154). No difference was found on obstructive CAD between groups at baseline and follow-up (p = 0.501 for baseline, p = 0.624 for follow-up). No differences were found in the annual change of CACs, TPV, CPV, NCPV, and LD-NCPV between the two groups (p = 0.253, p = 0.093, p = 0.647, p = 0.157, and p = 0.681 respectively).Table 2CCTA findings at baseline and follow-up according to LDL-C status


	 	LDL-C controlled
	p
	LDL-C uncontrolled
	p
	p-value

	baseline
	FU
	baseline
	FU
	baseline
	FU

	On per-patient level

	CACs
	61.94(7.96,151.94)
	163.79(43.36,345.75)
	 < 0.001
	29.02(0,130.38)
	74.58(10.43,273.41)
	 < 0.001
	0.123
	0.122

	Quantitative CCTA analysis

	 TPV, mm3
	64.61(8.51,227.12)
	148.00(53.2,262.55)
	 < 0.001
	78.89(204.94,6.65)
	123.42(27.05,287.98)
	 < 0.001
	0.756
	0.297

	 CPV, mm3
	12.66(2.19,43.67)
	30.6(6.16,71.42)
	 < 0.001
	7.61(0,36.99)
	13.87(1.86,67.88)
	 < 0.001
	0.047
	0.154

	 NCPV, mm3
	35.64(0,161.89)
	82.61(0,194.76)
	0.028
	12.90(0.00,159.45)
	101.38(0,186.03)
	 < 0.001
	0.643
	0.626

	 LD-NCPV, mm3
	0(0,23.76)
	11.46(0,30.77)
	 < 0.001
	3.29(0,26.06)
	11.2(0,35.27)
	0.002
	0.505
	0.801

	 Obstructive CAD
	28(37.3)
	41(54.7)
	0.002
	56(42.1)
	68(51.1)
	0.004
	0.501
	0.624

	On per-plaque level

	CACs
	27.49(6.39,65.75)
	37.92(14.00,99.39)
	 < 0.001
	22(4.39,72.63)
	32.51(8.74,91.72)
	 < 0.001
	0.549
	0.194

	Quantitative CCTA analysis

	 TPV, mm3
	25.53(5.85,87.9)
	34.68(7.03,92.92)
	 < 0.001
	34.57(6.12,115.78)
	24.58(3.81,111.86)
	 < 0.001
	0.46
	0.507

	 CPV, mm3
	6.32(1.57,18.2)
	7.3(1.61,22.2)
	 < 0.001
	5.81(1.10,18.24)
	5.81(1.66,18.9)
	 < 0.001
	0.16
	0.413

	 NCPV, mm3
	0(0,99.03)
	0(0,78.89)
	0.021
	0(0,73.68)
	0(0,82.8)
	 < 0.001
	0.204
	0.814

	 LD-NCPV, mm3
	0(0,4.33)
	0(0,9.25)
	 < 0.001
	0(0,6.75)
	0(0,11.24)
	0.001
	0.149
	0.952

	Type of plaque
	 	 	 	 	 	 	0.604
	0.123

	 Calcific
	93(57.8)
	116(52.7)
	 	141(52.2)
	208(56.9)
	 	 	 
	 Non-calcific
	13(8.1)
	15(6.8)
	 	31(11.5)
	36(9.9)
	 	 	 
	 Mix
	55(34.2)
	89(40.5)
	 	98(36.3)
	121(33.2)
	 	 	 
	 Stenosis
	20.32(0,45.73)
	33.37(20.81,55.07)
	 < 0.001
	25.80(0,44.70)
	38.25(22.19,55.81)
	 < 0.001
	0.594
	0.440

	New plaque
	 	59(26.7)
	 	 	95(26.0)
	 	 	0.860

	Obstructive lesion
	43(26.7)
	71(32.3)
	 < 0.001
	80(29.6)
	119(32.6)
	 < 0.001
	0.531
	0.981


Data are reported as n (%) or median (interquartile range) appropriately
LDL-C: low-density lipoprotein cholesterol; FU: follow up; CACs: coronary artery calcification scores; TPV: total plaque volume; CPV: calcified plaque volume; NCPV: non-calcified plaque volume; LD-NCPV: low-density non-calcified plaque volume; CAD: coronary artery disease


Table 3Comparison of annual changes of CAC and compositional PV between LDL-C controlled and uncontrolled groups.


	 	LDL-C controlled
	LDL-C uncontrolled
	p-value

	On per-patient level

	 CACs change, /year
	17.96(4.06,42.97)
	10.43(1.32,42.30)
	0.253

	 TPV, mm3/year
	9.7(0,32.51)
	2.28(-1.71,27.88)
	0.093

	 CPV, mm3/year
	2.65(0,10.10)
	1.27(0,6.72)
	0.647

	 NCPV, mm3/year
	0(− 0.99,21.97)
	4.25(0,20.74)
	0.157

	 LD-NCPV, mm3/year
	0.088(0,3.85)
	0(0,4.37)
	0.681

	On per-plaque level

	 CACs change, /year
	5.33(0.84,12.28)
	4.4(0.32,12.57)
	0.474

	 TPV, mm3/year
	1.63(0.06,9.75)
	0.80(0,8.07)
	0.615

	 CPV, mm3/year
	0.91(0,2.92)
	0.64(0,2.51)
	0.018

	 NCPV, mm3/year
	0(0,0.002)
	0(0,6.58)
	0.036

	 LD-NCPV, mm3/year
	0(0,0.58)
	0(0,0.66)
	0.304


Data are reported as median (interquartile range)
LDL-C: low-density lipoprotein cholesterol; CACs: coronary artery calcification scores; TPV: total plaque volume; CPV: calcified plaque volume; NCPV: non-calcified plaque volume; LD-NCPV: low-density non-calcified plaque volume



Comparison of CCTA quantitative analysis results between LDL-C controlled and uncontrolled groups on a per-plaque level
At the per-plaque level, there were 431 (LDL-C controlled vs. LDL-C uncontrolled: 161 vs. 270) and 585 (LDL-C controlled vs. LDL-C uncontrolled: 220 vs. 365) plaques at baseline and follow-up. The plaque phenotype was not different between groups at baseline and follow-up (p = 0.604 for baseline, p = 0.123 for follow-up). The incidence of new plaques was not different between groups (26.7% vs. 26.0%, p = 0.860). Obstructive lesions were not different between the group at baseline and follow-up (p = 0.531 for baseline, p = 0.981 for follow-up). CACs, TPV, CPV, NCPV, and LD-NCPV were increased in both groups at follow-up CCTA than baseline (all p < 0.05). No differences were found in CACs and compositional PVs between the two groups at baseline or follow-up (p > 0.05). LDL-C uncontrolled group had less annual change of CPV (0.64(0, 2.51) vs. 0.91(0, 2.92), p = 0.018) and more annual change of NCPV (0(0,6.58), 0(0,0.002), p = 0.036) than LDL-C controlled group.
Impactors of the annual change of TPV and compositional PVs in statins-treated DM patients
Univariate and multivariate analyses of the annual TPV and compositional PVs change impactors are displayed in supplementary materials (table S3). On the per-patient level, CACs increase was positively associated with annual change of TPV (β = 0.43, p < 0.001), CPV (β = 0.23, p < 0.001), NCPV (β = 0.20, p < 0.001), and LD-NCPV (β = 0.08, p < 0.001). Baseline TPV was negatively associated with annual change of TPV (β = − 0.11, p < 0.001), NCPV (β = − 0.12, p < 0.001), and LD-NCPV (β = − 0.02, p < 0.001), but no association was found with annual change of CPV (β = − 0.006, p = 0.28). Hypertension was negatively associated with the annual change of CPV (β = − 6.67, p = 0.032).
On the per-plaque level, CACs increase was positively associated with annual change of TPV (β = 0.61, p < 0.001), CPV (β = 0.19, p = 0.004), NCPV (β = 0.42, p = 0.006), and LD-NCPV (β = 0.13, p = 0.001). Baseline TPV was negatively associated with annual change of TPV (β = − 0.18, p = 0.008), NCPV (β = − 0.12, p = 0.002), and LD-NCPV (β = − 0.04, p = 0.037), but no association was found with annual change of CPV (β = 0.022, p = 0.053). In addition, baseline LDL-C was positively associated with LD-NCPV (β = − 1.31, p = 0.03). Follow-up LDL-C status was not associated with the annual change of TPV and compositional PVs neither on per-patient nor per-plaque level.
Effect of follow-up LDL-C status on the association between CACs increase and compositional PVs annual changes
The multivariate analysis results are shown in Table 4. On the per-patient level, the multivariate linear regression model showed that the increase in CACs was associated with annual change of TPV (β = 0.65 and 0.378, respectively, both p < 0.001), CPV (β = 0.169 and 0.232, respectively, p = 0.007 and p < 0.001), NCPV (β = 0.469 and 0.144, respectively, both p = 0.001), and LD-NCPV (β = 0.082 and 0.086, respectively, p = 0.002 and p = 0.004) in LDL-C controlled and LDL-C uncontrolled group.Table 4Multivariate analysis of the association between annual changes in CACs and annual PVs changes according to LDL-C status


	 	LDL-C controlled
	p
	LDL-C uncontrolled
	p

	β (95% CI)
	β (95% CI)

	Association with annual change in Agatston CACs

	 On per-patient level

	  TPV
	0.650(0.347,0.952)
	 < 0.001
	0.378(0.292,0.464)
	 < 0.001

	  CPV
	0.169(0.048,0.290)
	0.007
	0.232(0.206,0.258)
	 < 0.001

	  NCPV
	0.469(0.207,0.731)
	0.001
	0.144(0.063,0.226)
	0.001

	  LD-NCPV
	0.082(0.032,0.133)
	0.002
	0.086(0.066,0.106)
	0.004

	 On per-plaque level

	  TPV
	0.389(0.081,0.715)
	0.014
	0.413(0.286,0.539)
	 < 0.001

	  CPV
	0.118(0.074,0.162)
	 < 0.001
	0.226(0.165,0.286)
	 < 0.001

	  NCPV
	0.268(− 0.037,0.573)
	0.085
	0.188(0.099,0.276)
	 < 0.001

	  LD-NCPV
	0.056(− 0.007,0.119)
	0.080
	0.106(0.066,0.146)
	 < 0.001


The multivariate analysis models in different samples were adjusted for age, sex, BMI, hypertension, smoking history, drinking history, CAD family history, insulin, baseline CACs and total PV
Abbreviations are as in Table 3



On the per-plaque level, the increase in CACs was associated with the annual change of TPV (β = 0.389 and 0.413, respectively, p = 0.014 and p < 0.001) and CPV (β = 0.118 and 0.226, both p < 0.001) both in LDL-C controlled and LDL-C uncontrolled groups. The increase in CACs was associated with NCPV and LD-NCPV in LDL-C uncontrolled patients (NCPV: β = 0.188, p < 0.001; LD-NCPV: β = 0.106, p < 0.001) but not in LDL-C controlled group (NCPV: β = 0.268, p = 0.085; LD-NCPV: β = 0.056, p = 0.08).
Intra- and inter-observer reproducibility
Intra- and inter-observer variabilities of CACs and compositional PVs (total, calcific, non-calcific) are shown in supplementary materials (Additional file 1: Table S4). The intra- and inter-observer intraclass correlation coefficients (ICCs) for compositional PVs (total, calcific, non-calcific) between 0.926–1.00 and 0.918–0.999, respectively, and for stenosis, the intra- and inter-observer ICCs were 0.974 and 0.925, respectively.
Discussion
Our study explored the impact of follow-up LDL-C status on the relationship between CACs increase and componential PVs progression in statins-treated diabetes patients. After adjusting for confounding factors, CACs increasing but not LDL-C status was positively associated with the annual change of TPV, CPV, NCPV, and LD-NCPV both on per-plaque and per-patient levels. The increase CACs was associated with TPV, CPV, NCPV, and LD-NCPV progression regardless of LDL-C status on the per-patient level. The increase of CACs was positively associated with TPV and CPV progression in both LDL-C controlled and uncontrolled groups on the per-plaque level, whereas the CACs increase was positively associated with NCPV and LD-NCPV progression only in LDL-C uncontrolled group.
Characteristic of CAD in diabetes
It is well known that DM imparts a 2- to threefold increase in the risk of developing coronary artery disease [13]. Hyperglycemia, dyslipidemia, and advanced glycation end-products accumulation associated with DM synergistically contribute to coronary atherosclerosis development [13]. The severity and extent of coronary atherosclerosis in diabetes patients are more severe than in non-diabetic patients [14, 15]. The results of the intravascular imaging study indicated that both the mean percent of calcified area and area composed of necrotic core were more pronounced in diabetic subjects [16]. Part of explanation is that the coronary tree in diabetes is chronically in an inflammatory environment and has a greater number of healed plaque ruptures than in non-DM counterparts.
In recent years, there have been numerous published data on the progression of coronary atherosclerosis in patients with metabolic abnormalities [17–19]. DM has been shown to be associated with rapid progression of coronary plaque, and higher glycosylated hemoglobin was associated with CACs progression [20]. Available evidence suggests that serum LDL-C, an important intermediate metabolite in coronary atherosclerosis formation, is a predictor of CAD in populations with DM, which even exceeding the predictive power of glycosylated hemoglobin [4]. Previous studies reported that intensive LDL-C control in reference to the recommended target goals of LDL-C < 70 mg/dL is associated with a reduced atherosclerosis progression and accelerated calcification progression [21, 22]. This implies that intensive LDL-C control may suggest plaque stabilization and reduced risk. There is no consensus as to whether this is still the case in the diabetic population.
Our study included statins-treated diabetes as subjects, and our data showed that annual progression of CACs and annual progression of TPV were numerically greater in these individuals compared to previous studies. In statins-treated diabetic patients, we found that LDL-C was positively associated with increased plaque volume of low-density non-calcified plaques at the per-plaque level, implying an increased instability of this individual plaque. Even so, our data did not show an independent correlation between follow-up LDL-C status and componential PVs or TPV progression. This may be due to metabolic disturbances and the interaction of multiple concomitant conditions in statins-treated diabetic patients, and the exact mechanism needs to be confirmed by further in-depth studies.
Coronary artery calcium progression and CAD
Patients with diabetes are more likely to develop diffuse coronary calcification in the coronary tree [23]. Coronary artery calcium (CAC) accompanies the development of advanced atherosclerosis [24]. Society of cardiovascular computed tomography (SCCT) guidelines recommend considering CAC scans among asymptomatic individuals with a risk of ASCVD. Computed tomography derived CAC is a subclinical marker of atherosclerotic plaque burden. The generally accepted view is that the presence and extent of calcium deposits along the coronary arteries help estimate the severity of ASCVD and improve the potential for reclassification of cardiovascular disease risk [25].
Relevant pathological studies have shown that, unlike peripheral vascular disease where calcification primarily affects the medial layer, coronary atherosclerosis is dominantly by intimal calcification [17]. Coronary artery calcification pathologically begins as microcalcifications and grows into fragmented or nodular calcium in the advanced stage [25, 26]. In general, spotty calcification is one of the features of high-risk plaques and is considered to be a predictor of plaque stability. Complete calcification is seen as characteristic of plaque stabilization. It is not clear whether the association of CAC with adverse outcomes is related to the calcified plaque itself as the source of the events or just the calcified plaque predicts the presence of CAD accurately.
Coronary atherosclerosis in response to statin therapy
Considering DM individuals exhibit multiple concomitant metabolic abnormalities, patients without contraindications are recommended strict lipid-lowering therapy [5]. Statins are a class of HMG-CoA reductase inhibitor that mainly dose-dependently decrease plasma cholesterol. Available evidence suggested the statins have an ameliorative effect on cardiovascular morbidity and mortality. The US preventive services task force recommendation statement (USPSTF) recommended statins use for the primary prevention of cardiovascular disease in adults [27]. Different statins doses and LDL-C control targets were formulated according to different cardiovascular risk stratification [28]. The clinical benefit of statins treatment is mainly driven by the absolute LDL-C reduction. In clinical practice, poor responses to statins treatment in individuals occasionally occur. In addition to the variations in genetic background, it is mainly caused by poor compliance.
It has been established that statins stabilize plaque by promoting calcification in coronary atherosclerotic lesions [29, 30]. Non-invasive images explored the impact of statins on the progression of plaque atherosclerosis in whole-heart evaluations, revealing that statins slow the progression of TPV and promote the progression of CPV meanwhile inducing phenotypic plaque transformation [22, 31, 32]. Further atherosclerosis progression is present in lipid-lowering therapy DM patients, despite the same reached levels of LDL-C as in non-DM patients [33]. Our findings also showed that atherosclerotic plaque progressed at follow-up even in LDL-C controlled diabetic patients. Lee et al. investigated whether the relationships between the increase of CACs and compositional PVs progression differed in statins-treated and non-statins-treated patients [34]. The results showed that CACs progression was negatively correlated with the annual change of noncalcified PV. In contrast to the above studies, our study explored the relationship between increased CACs and plaque progression in statins-treated diabetic patients using LDL-C as an indicator of response to statins therapy. We found that CACs increases were positively related to TPV, CPV, NCPV, and LD-NC PV progression regardless of the LDL-C status on per-patient level. This inconsistent result suggests that the progression of atherosclerotic lesions in statins-treated diabetic patients differs from that in the general population. Complex atherogenic mechanisms in the diabetic population might mitigate the effect of statins on plaque stabilization.
The relationship of CACs to plaque instability is exceptionally complex. Calcification correlates with entire atherosclerosis plaque burden and, in some cases, with stable plaques. The aggregation of changes in individual lesions for patient assessment could not comprehensively evaluate the impact of statins on individual coronary atherosclerotic lesions. Our study conducted a comprehensive analysis at the per-plaque level to explore the relationship between increased CACs and PV progression in statins-treated diabetic patients. The data showed that increased CACs were positively associated with the progression of NCPV and LD-NCPV at the per-plaque level in LDL-C uncontrolled patients but not in the LDL-C controlled patients. This result appears to be inconsistent with the results at the per-patient level. After neglecting interactions between coexisting plaques, the CACs increase is accompanied by atherosclerosis lipid or necrotic cores development in statins-treated DM patients with LDL-C uncontrolled at follow-up. It might be one of the potential mechanisms of formation of culprit lesions leading to long-term acute coronary events in these populations.
The present study still had some limitations. First, this is an observational single-center study, and the preliminary results need to be validated by a larger-sample of multi-center study. Secondly, the baseline LDL-C might affect the result. We adjusted for the baseline LDL-C in the multivariate analysis to ensure the reliability of our result. Thirdly, the current study did not include follow-up data. Whether the annual progression of non-calcific PV in individual lesions induces long-term adverse cardiovascular events is unclear. This issue deserves further in-depth study.
Conclusions
In statins-treated diabetic patients, increased CACs were positively associated with compositional PVs progression regardless of LDL-C status. CACs increases were not associated with progression of NCPV and LD-NCPV in individual plaques in LDL-C controlled diabetic patients, but it was accompanied by individual plaques NCPV and LD-NCPV progression in the LDL-C uncontrolled counterpart. The findings suggest that increased CACs indicate the progression of compositional PVs and might be accompanied by increased instability of individual plaques in statins-treated DM patients with uncontrolled LDL-C.
Acknowledgements
Not applicable.

Author contributions
YZG and LY designed the study. SR and GY conducted the data analyses. SR drafted the manuscript. SK, WJ, SLT, and JL critically revised the manuscript for important intellectual content. YZG and LY is the guarantor. The corresponding author attests that all listed authors meet the authorship criteria and that no others meeting the criteria have been omitted. All authors read and approved the final manuscript.

Funding
This work was supported by the National Natural Science Foundation of China (81471722), the Sichuan Province Science and Technology Support Program (2022NSFSC0828), and the 1·3·5 project for disciplines of excellence, West China Hospital, Sichuan University (ZYGD18013).

Availability of data and materials
The datasets generated and/or analyzed during the current study are available from the corresponding author upon reasonable request.

Declarations
Ethics approval and consent to participate
The institutional review board approved this study, and informed consent was waived due to the retrospective nature of this investigation.

Consent for publication
The manuscript was approved by all authors for publication.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, Ahmed M, Aksut B, Alam T, Alam K, et al. Global, regional, and national burden of cardiovascular diseases for 10 causes, 1990 to 2015. J Am Coll Cardiol. 2017;70(1):1–25.Crossref

	2.
Borén J, Chapman MJ, Krauss RM, Packard CJ, Bentzon JF, Binder CJ, Daemen MJ, Demer LL, Hegele RA, Nicholls SJ, et al. Low-density lipoproteins cause atherosclerotic cardiovascular disease: pathophysiological, genetic, and therapeutic insights: a consensus statement from the European Atherosclerosis Society Consensus Panel. Eur Heart J. 2020;41(24):2313–30.Crossref

	3.
Poznyak A, Grechko AV, Poggio P, Myasoedova VA, Alfieri V, Orekhov AN. The diabetes mellitus-atherosclerosis connection: the role of lipid and glucose metabolism and chronic inflammation. Int J Mol Sci. 2020;21(5):1835.Crossref

	4.
Joseph JJ, Deedwania P, Acharya T, Aguilar D, Bhatt DL, Chyun DA, Di Palo KE, Golden SH, Sperling LS. Comprehensive management of cardiovascular risk factors for adults with type 2 diabetes: a scientific statement from the american heart association. Circulation. 2022;145(9):e722–59.Crossref

	5.
Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman MJ, De Backer GG, Delgado V, Ference BA, et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular risk. Eur Heart J. 2020;41(1):111–88.Crossref

	6.
Kim M, Lee SP, Kwak S, Yang S, Kim YJ, Andreini D, Al-Mallah MH, Budoff MJ, Cademartiri F, Chinnaiyan K, et al. Impact of age on coronary artery plaque progression and clinical outcome: a PARADIGM substudy. J Cardiovasc Comput Tomogr. 2021;15(3):232–9.Crossref

	7.
Hideo-Kajita A, Garcia-Garcia HM, Rubarth R, Wopperer S, Ozaki Y, Freire AFD, Cavalcante R, Bittencourt M, Dan K, Pinheiro TL, et al. Natural history of adapted leaman score assessing coronary artery disease progression by computed tomography angiography: a 7-year follow-up report. Cardiovasc Revasc Med. 2021;27:38–44.Crossref

	8.
Smit JM, van Rosendael AR, El Mahdiui M, Neglia D, Knuuti J, Saraste A, Buechel RR, Teresinska A, Pizzi MN, Roque A, et al. Impact of clinical characteristics and statins on coronary plaque progression by serial computed tomography angiography. Circ Cardiovasc Imaging. 2020;13(3):e009750.Crossref

	9.
van Driest FY, Bijns CM, van der Geest RJ, Broersen A, Dijkstra J, Scholte A, Jukema JW. Utilizing (serial) coronary computed tomography angiography (CCTA) to predict plaque progression and major adverse cardiac events (MACE): results, merits and challenges. Eur Radiol. 2022;32(5):3408–22.Crossref

	10.
Handelsman Y, Jellinger PS, Guerin CK, Bloomgarden ZT, Brinton EA, Budoff MJ, Davidson MH, Einhorn D, Fazio S, Fonseca VA, et al. Consensus Statement by the American Association of Clinical Endocrinologists and American College of Endocrinology on the Management of Dyslipidemia and Prevention of Cardiovascular Disease Algorithm - 2020 Executive Summary. Endocr Pract. 2020;26(10):1196–224.Crossref

	11.
Abbara S, Blanke P, Maroules CD, Cheezum M, Choi AD, Han BK, Marwan M, Naoum C, Norgaard BL, Rubinshtein R, et al. SCCT guidelines for the performance and acquisition of coronary computed tomographic angiography: a report of the society of Cardiovascular Computed Tomography Guidelines Committee: Endorsed by the North American Society for Cardiovascular Imaging (NASCI). J Cardiovasc Comput Tomogr. 2016;10(6):435–49.Crossref

	12.
Chen MY, Shanbhag SM, Arai AE. Submillisievert median radiation dose for coronary angiography with a second-generation 320-detector row CT scanner in 107 consecutive patients. Radiology. 2013;267(1):76–85.Crossref

	13.
Bertoni AG, Wong ND, Shea S, Ma S, Liu K, Preethi S, Jacobs DR Jr, Wu C, Saad MF, Szklo M. Insulin resistance, metabolic syndrome, and subclinical atherosclerosis: the Multi-Ethnic Study of Atherosclerosis (MESA). Diabetes Care. 2007;30(11):2951–6.Crossref

	14.
Patti G, Cavallari I, Andreotti F, Calabrò P, Cirillo P, Denas G, Galli M, Golia E, Maddaloni E, Marcucci R, et al. Prevention of atherothrombotic events in patients with diabetes mellitus: from antithrombotic therapies to new-generation glucose-lowering drugs. Nat Rev Cardiol. 2019;16(2):113–30.Crossref

	15.
Wang J, Li Y, Guo YK, Huang S, Shi R, Yan WF, Qian WL, He GX, Yang ZG. The adverse impact of coronary artery disease on left ventricle systolic and diastolic function in patients with type 2 diabetes mellitus: a 3.0T CMR study. Cardiovasc Diabetol. 2022;21(1):30.Crossref

	16.
Burke AP, Kolodgie FD, Farb A, Weber DK, Malcom GT, Smialek J, Virmani R. Healed plaque ruptures and sudden coronary death: evidence that subclinical rupture has a role in plaque progression. Circulation. 2001;103(7):934–40.Crossref

	17.
Li S, Tang X, Luo Y, Wu B, Huang Z, Li Z, Peng L, Ling Y, Zhu J, Zhong J, et al. Impact of long-term glucose variability on coronary atherosclerosis progression in patients with type 2 diabetes: a 2.3 year follow-up study. Cardiovasc Diabetol. 2020;19(1):146.Crossref

	18.
Won KB, Park EJ, Han D, Lee JH, Choi SY, Chun EJ, Park SH, Han HW, Sung J, Jung HO, et al. Triglyceride glucose index is an independent predictor for the progression of coronary artery calcification in the absence of heavy coronary artery calcification at baseline. Cardiovasc Diabetol. 2020;19(1):34.Crossref

	19.
Won KB, Lee BK, Park HB, Heo R, Lee SE, Rizvi A, Lin FY, Kumar A, Hadamitzky M, Kim YJ, et al. Quantitative assessment of coronary plaque volume change related to triglyceride glucose index: The Progression of AtheRosclerotic PlAque DetermIned by Computed TomoGraphic Angiography IMaging (PARADIGM) registry. Cardiovasc Diabetol. 2020;19(1):113.Crossref

	20.
Won KB, Lee SE, Lee BK, Park HB, Heo R, Rizvi A, Lin FY, Kumar A, Hadamitzky M, Kim YJ, et al. Longitudinal assessment of coronary plaque volume change related to glycemic status using serial coronary computed tomography angiography: A PARADIGM (Progression of AtheRosclerotic PlAque DetermIned by Computed TomoGraphic Angiography Imaging) substudy. J Cardiovasc Comput Tomogr. 2019;13(2):142–7.Crossref

	21.
Shin S, Park HB, Chang HJ, Arsanjani R, Min JK, Kim YJ, Lee BK, Choi JH, Hong GR, Chung N. Impact of Intensive LDL cholesterol lowering on coronary artery atherosclerosis progression: a serial CT angiography study. JACC Cardiovasc Imaging. 2017;10(4):437–46.Crossref

	22.
Sun T, Wang Y, Wang X, Hu W, Li A, Li S, Xu X, Cao R, Fan L, Cao F. Effect of long-term intensive cholesterol control on the plaque progression in elderly based on CTA cohort study. Eur Radiol. 2022;10:975–86.

	23.
Yahagi K, Kolodgie FD, Lutter C, Mori H, Romero ME, Finn AV, Virmani R. Pathology of human coronary and carotid artery atherosclerosis and vascular calcification in diabetes mellitus. Arterioscler Thromb Vasc Biol. 2017;37(2):191–204.Crossref

	24.
Wieske V, Walther M, Dubourg B, Alkadhi H, Nørgaard BL, Meijs MFL, Diederichsen ACP, Wan YL, Mickley H, Nikolaou K, et al. Computed tomography angiography versus Agatston score for diagnosis of coronary artery disease in patients with stable chest pain: individual patient data meta-analysis of the international COME-CCT Consortium. Eur Radiol. 2022;11:1372.

	25.
Nakahara T, Dweck MR, Narula N, Pisapia D, Narula J, Strauss HW. Coronary artery calcification: from mechanism to molecular imaging. JACC Cardiovasc Imag. 2017;10(5):582–93.Crossref

	26.
Mori H, Torii S, Kutyna M, Sakamoto A, Finn AV, Virmani R. Coronary artery calcification and its progression: what does it really mean? JACC Cardiovasc Imag. 2018;11(1):127–42.Crossref

	27.
Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson KW, Epling JW Jr, García FAR, Gillman MW, Kemper AR, Krist AH, Kurth AE, et al. Statin use for the primary prevention of cardiovascular disease in adults: US preventive services task force recommendation statement. JAMA. 2016;316(19):1997–2007.Crossref

	28.
Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, Braun LT, de Ferranti S, Faiella-Tommasino J, Forman DE, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the management of blood cholesterol: executive summary: a report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation. 2019;139(25):e1046–81.PubMed

	29.
Fox KAA, Metra M, Morais J, Atar D. The myth of “stable” coronary artery disease. Nat Rev Cardiol. 2020;17(1):9–21.Crossref

	30.
Puri R, Nicholls SJ, Shao M, Kataoka Y, Uno K, Kapadia SR, Tuzcu EM, Nissen SE. Impact of statins on serial coronary calcification during atheroma progression and regression. J Am Coll Cardiol. 2015;65(13):1273–82.Crossref

	31.
Saremi A, Bahn G, Reaven PD. Progression of vascular calcification is increased with statin use in the Veterans Affairs Diabetes Trial (VADT). Diabetes Care. 2012;35(11):2390–2.Crossref

	32.
Banach M, Serban C, Sahebkar A, Mikhailidis DP, Ursoniu S, Ray KK, Rysz J, Toth PP, Muntner P, Mosteoru S, et al. Impact of statin therapy on coronary plaque composition: a systematic review and meta-analysis of virtual histology intravascular ultrasound studies. BMC Med. 2015;13:229.Crossref

	33.
Kovarnik T, Chen Z, Mintz GS, Wahle A, Bayerova K, Kral A, Chval M, Kopriva K, Lopez J, Sonka M, et al. Plaque volume and plaque risk profile in diabetic vs. non-diabetic patients undergoing lipid-lowering therapy: a study based on 3D intravascular ultrasound and virtual histology. Cardiovasc Diabetol. 2017;16(1):156.Crossref

	34.
Lee SE, Sung JM, Andreini D, Budoff MJ, Cademartiri F, Chinnaiyan K, Choi JH, Chun EJ, Conte E, Gottlieb I, et al. Differential association between the progression of coronary artery calcium score and coronary plaque volume progression according to statins: the Progression of AtheRosclerotic PlAque DetermIned by Computed TomoGraphic Angiography Imaging (PARADIGM) study. Eur Heart J Cardiovasc Imaging. 2019;20(11):1307–14.Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12933_2022_1556_Fig3_HTML.png





OEBPS/navigation.xhtml

    
      Contents


      
        		The effect of LDL-C status on the association between increased coronary artery calcium score and compositional plaque volume progression in statins-treated diabetic patients: evaluated using serial coronary CTAs


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12933_2022_1556_Fig2_HTML.png





OEBPS/images/12933_2022_1556_Fig1_HTML.png
257 patients with serial(>=2) CCTA scans

A

W

revascularization or coronary artery bypass
during two CCTA scans (n=8)

severe  coronary  calcification (CAC
score>1000) (n=17)

no statins use or statins used for less than
three months during follow-up (n=9)

poor image quality(n=9)

lack of crucial information (n=6)

208 patients were finally included

v v
LDL-C controlled LDL-C uncontrolled
n=75 n=133






OEBPS/css/sidebar.gif





