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Abstract
Background
Current guidelines for dyslipidemia management recommend that the LDL-C goal be lower than 70 mg/dL. The present study investigated the prognostic significance of visit-to-visit variability in LDL-C, and minimum and maximum LDL-C during follow-up in diabetes mellitus.

Methods
The risk of outcomes in relation to visit-to-visit LDL-C variability was investigated in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) Lipid trial. LDL-C variability indices were coefficient of variation (CV), variability independent of the mean (VIM), and average real variability (ARV). Multivariable Cox proportional hazards models were employed to estimate the adjusted hazard ratio (HR) and 95% confidence interval (CI).

Results
Compared with the placebo group (n=2667), the fenofibrate therapy group (n=2673) had a significantly (P<0.01) lower mean plasma triglyceride (152.5 vs. 178.6 mg/dL), and total cholesterol (158.3 vs.162.9 mg/dL) but a similar mean LDL-C during follow-up (88.2 vs. 88.6 mg/dL, P>0.05). All three variability indices were associated with primary outcome, total mortality and cardiovascular mortality both in the total population and in the fenofibrate therapy group but only with primary outcome in the placebo group. The minimum LDL-C but not the maximum during follow-up was significantly associated with various outcomes in the total population, fenofibrate therapy and placebo group. The minimum LDL-C during follow-up ≥70 mg/dL was associated with an increased risk for various outcomes.

Conclusions
Visit-to-visit variability in LDL-C was a strong predictor of outcomes, independent of mean LDL-C. Patients with LDL-C controlled to less than 70 mg/dL during follow-up might have a benign prognosis.
ClinicalTrials.gov number: NCT 00000620.
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Background
Increased low-density lipoprotein cholesterol (LDL-C) is an established risk factor for cardiovascular disease and events, and lipid-lowering therapy with statins has been proven to be an effective way to lower the risk of future cardiovascular events [1–3]. However, the role of monitoring the level of LDL-C using a target-oriental method in patients on lipid-lowering therapy remains controversial [4]. In addition, most observational studies or clinical trials focused only on the level of LDL-C initially or at the end of the study, and rarely on the variability or persistence of LDL-C throughout the trial process [5, 6].
Previous observational studies in diabetes have raised concerns on visit-to-visit lipid variability in relation to long-term major adverse cardiac events. The post-hoc analysis of the Treating to New Targets (TNT) trial showed that visit-to-visit LDL-C variability was an independent predictor of cardiovascular events in patients 35 to 75 years of age who had known coronary artery disease [7]. However, no studies have concerned the prognostic value of visit-to-visit LDL-C variability and persistence of LDL-C control in type 2 diabetes at high cardiovascular risk.
Recent Joint European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) dyslipidemia guidelines recommended that LDL-C levels should be lowered as much as possible to prevent cardiovascular disease, especially in high and very high-risk patients [8]. In high-risk patients, such as general diabetes mellitus, the LDL-C goal is <70 mg/dL or at least 50% reduction from baseline LDL-C levels. Thus, the benefits of persistence of LDL-C controlled to below 70 mg/dL might be a hot topic.
In the present study, we employed data from the Action to Control Cardiovascular Risk in Diabetes (ACCORD) Lipid trial to investigate the associations between visit-to-visit variability in LDL-C and primary outcome, and total and cardiovascular mortality in patients with type 2 diabetes who were at high risk for cardiovascular disease [9]. The purpose of the present study was to investigate the prognostic significance of and visit-to-visit variability, and maximum and minimum LDL-C in diabetes mellitus already receiving lipid-lowering drugs, beyond the mean levels of LDL-C.
Methods
Study population
The ACCORD study was conducted at 77 clinical sites in the United States and Canada. The rationale, design, inclusion criteria, subject characteristics, and main results of the ACCORD trial have been described (online study protocols: https://​biolincc.​nhlbi.​nih.​gov/​studies/​accord/​) [9–13]. In brief, the participants were aged between 40 and 79 years, had type 2 diabetes mellitus and a glycated hemoglobin level of ≥7.5%, had previous evidence of clinical cardiovascular disease or at least two additional risk factors, and did not have a history of frequent or recent serious hypoglycemic events. All patients were randomly assigned to receive either intensive glycemic control targeting a glycated hemoglobin level below 6.0% or standard therapy targeting a glycated hemoglobin level of 7.0 to 7.9%.
The ACCORD Lipid trial was conducted in a subgroup of patients in the ACCORD study, and was also randomized in a 2-by-2 factorial design. Open-label simvastatin treatment started at the randomization time and either fenofibrate or placebo was masked one month later. Randomization occurred between January 11, 2001, and October 29, 2005. End-of-study visits were scheduled between March and June 2009.
Patients were specifically eligible to participate in the lipid trial if they also had the following: an LDL cholesterol level of 60 to 180 mg/dL, an HDL-C (high-density lipoprotein cholesterol) level below 55 mg/dL for women and blacks or below 50 mg/dL for all other groups, and a triglyceride level below 750 mg/dL if they were not receiving lipid therapy or below 400 mg/dL if they were receiving lipid therapy. The exclusion criteria included a drug which interacted with statins or fibrate; history of pancreatitis, myositis/myopathy, or gallbladder disease; or refusal to stop any current lipid-altering treatment. All patients provided written informed consent.
Data acquisition
A fasting plasma lipid profile was measured at the ACCORD central laboratory at 4, 8, and 12 months after randomization, annually thereafter, and at the end of the study.
The primary outcome was the first occurrence of a major cardiovascular event, including nonfatal myocardial infarction, nonfatal stroke, or death from cardiovascular causes. The total and cardiovascular mortality was death from any cause and from cardiovascular causes, respectively.
Data analysis
SAS software (Version 9.4, SAS Institute Inc, Cary, NC) was used for database management and statistical analysis. Means and proportions were compared using the large-sample z test and the χ2 statistic, respectively. Characteristics of the study population included in the present analyses were shown by therapy status (fenofibrate vs. placebo) and baseline LDL variability levels.
The visit-to-visit LDL-C variability was evaluated using at least 3 measurements from the beginning to the end of the study, and individual coefficient of variation (CV), independent of the mean (VIM) [14], and average real variability (ARV) [15] were calculated. CV was calculated as the standard deviation (SD) divided by the mean. VIM was calculated as the SD divided by the mean to the power x and multiplied by the population mean to the power x, with x derived from curve fitting. VIM can diminish the tight correlation between the CV and mean. ARV was calculated as the average of the absolute differences between consecutive LDL-C measurements. To study the association between outcomes and LDL-C variability, we first searched for covariables associated with LDL-C variability in stepwise regression analysis with P values for explanatory variables to enter and stay in models set at 0.15. The prognostic significance of LDL-C variability for various outcomes was determined in multivariable Cox proportional hazards models, while adjusting for sex, therapy group, and baseline age, education, body mass index, systolic and diastolic blood pressure, and fasting plasma glucose. Two models were conducted as if it was additionally adjusted for the mean LDL-C during visits or not.
The variability and maximum and minimum LDL-C were investigated as continuous variables using Cox proportional hazards models, and the hazard ratios (HRs) for various outcomes of one SD increment in LDL-C variability indices were reported. The maximum and minimum LDL_C was also investigated as a categorical variable and the HRs for various outcomes of ≥70 vs. <70 mg/dL were reported. In addition, HRs and 95% confidence intervals (CIs) for each decile relative to the first decile in the placebo group and for each 10-percentile point increase in variability were estimated in a single model. Significance was a 2-tailed α-level of ≤0.05.
Results
Characteristics of the study participants
Of all 5518 participants, 5340 underwent LDL-C measurement on at least 3 visits during the study and were included in this analysis. The 5340 participants included 1632 women (30.6%) and had a mean age of 62.8 (±6.6) years old. Key baseline characteristics were similar in the two therapy groups (Table 1).
Table 1Characteristics of the patients at baseline or during follow-up


	 	All patients (n=5340)
	Therapy Statusa
	LDL variabilityb

	Fenofibrate (n=2673)
	Placebo (n=2667)
	VIM <13.2
(n=2665)
	VIM ≥13.2
(n=2675)
	P

	At baseline

	Age
	62.8±6.6
	62.8±6.5
	62.8±6.7
	62.9±6.6
	62.6±6.5
	0.06

	Female sex (n, %)
	1632 (30.6)
	817 (30.6)
	815 (30.6)
	770 (28.9)
	862 (32.2)
	0.008

	Weight
	94.9±18.3
	94.6±18.2
	95.2±18.5
	95.6±17.9
	94.3±18.7
	0.009

	Body-mass index
	32.3±5.3
	32.2±5.3
	32.4±5.3
	32.4±5.3
	32.2±5.4
	0.28

	Waist circumference (cm)
	107.7±13.5
	107.5±13.3
	107.8±13.7
	108.1±13.4
	107.2±13.6
	0.02

	Systolic blood pressure (mmHg)
	133.9±17.7
	133.8±17.6
	133.9±17.9
	132.2±17.2
	135.5±18.1
	<0.0001

	Diastolic blood pressure (mmHg)
	74.0±10.8
	73.8±10.6
	74.1±10.9
	73.1±10.6
	74.8±10.9
	<0.0001

	Fasting serum glucose (mg/dL)
	175.8±54.6
	176.3±54.1
	175.3±55.1
	170.7±51.8
	180.8±56.8
	<0.0001

	Total cholesterol (mg/dL)
	175.3±37.4
	174.9±36.8
	175.7±38.0
	162.8±28.2
	187.8±41.1
	<0.0001

	LDL cholesterol (mg/dL)
	100.6±30.7
	100.0±30.2
	101.2±31.0
	91.5±24
	109.6±33.8
	<0.0001

	HDL cholesterol (mg/dL)
	38.1±7.8
	38.0±7.8
	38.2±7.7
	38.5±7.7
	37.7±7.8
	0.0005

	Plasma triglyceride (mg/dL)
	188.0±113
	189.7±111,5
	186.3±114.6
	167±91.1
	208.9±127.9
	<0.0001

	Serum creatinine (mg/dL)
	0.92±0.22
	0.93±0.23
	0.93±0.22
	0.92±0.23
	0.93±0.21
	0.04

	Lipids during follow-up

	Mean total cholesterol (mg/dL)
	160.6±26.8
	158.3±26.2
	162.9±27.2*
	156.9±23.6
	164.3±29.1
	<0.0001

	Mean plasma triglyceride (mg/dL)
	165.5±88.5
	152.5±80.6
	178.6±94.0*
	151.4±72.6
	179.5±100
	<0.0001

	Mean HDL cholesterol (mg/dL)
	39.9±8.2
	40.2±8.7
	39.5±7.8*
	40.5±8.3
	39.2±8.1
	<0.0001

	Mean LDL cholesterol (mg/dL)
	88.4±19.8
	88.2±19.9
	88.6±19.7
	86.6±18.4
	90.1±21.0
	<0.0001

	Maximum LDL cholesterol (mg/dL)
	120.1±29.6
	119.0±29.6
	121.3±29.5*
	107.4±22.7
	132.8±30.2
	<0.0001

	Minimum LDL cholesterol (mg/dL)
	64.2±17.8
	64.7±17.5
	63.7±18.0‡
	68.2±17.1
	60.1±17.5
	<0.0001

	LDL SD
	19.3±8.8
	18.7±8.8
	19.9±8.8*
	13.5±4.8
	25.1±8.1
	<0.0001

	LDL CV (%)
	22.1±9.2
	21.4±9.0
	22.7±9.4*
	15.8±5.3
	28.3±8.0
	<0.0001

	LDL VIM
	13.9±6.0
	13.8±6.0
	14.1±5.9
	9.3±2.5
	18.5±4.8
	<0.0001

	LDL ARV
	18.4±9.6
	17.7±9.5
	19.0±9.6*
	13.7±5.8
	23.0±10.3
	<0.0001


Values were means (SD) or median (quartile). VIM indicates variability independent of the mean; ARV, average real variability; and MMD, the difference of maximum minus minimum LDL. aThe Fenofibrate vs. Placebo group, *P<0.001; †P<0.01; and ‡P<0.05. bHigh vs. Low VIM, and the P value is given


Compared with the placebo group, the fenofibrate group had significantly (P<0.001) lower total cholesterol (158.3 vs. 162.9 mg/dL) and triglyceride levels (152.5 vs. 178.6 mg/dL), but higher HDL levels (40.2 vs. 39.5 mg/dl). For LDL-C levels, the fenofibrate group showed similar mean LDL-C and higher maximum LDL-C (120.1 vs. 119.0 mg/dL but lower minimum LDL-C (63.7 vs. 64.7 mg/dL). For LDL-C variability indices, the fenofibrate group showed no difference in mean LDL-C level and LDL-C VIM but lower SD and ARV (all P<0.001, Table 1).
Compared with the low LDL-C variability (VIM<13.2) group, the high LDL-C variability (VIM≥13.2) group had significantly greater baseline body weight and waist circumference, and significantly (P<0.0001) higher baseline systolic and diastolic blood pressure, fasting serum glucose, and total, HDL and LDL cholesterol, but lower triglyceride levels. The increased LDL-C variability group had significantly (P<0.0001) higher total and LDL-C and triglyceride, but lower HDL cholesterol. As expected, the increased LDL-C variability group had significantly (P<0.0001) higher various LDL-C variability indices, including SD, VIM, and ARV (Table 1).
Variability indices and outcomes
During the trial, the primary outcome, all-cause deaths and cardiovascular deaths occurred in 276, 179 and 87 subjects in the fenofibrate group, respectively, and in 294, 201 and 102 subjects in the placebo group, respectively. In multiple Cox regression analyses adjusted for sex and age, education, waist circumference, body mass index, systolic and diastolic blood pressure, and fasting plasma glucose at baseline, and additionally mean LDL-C during follow-up, all three LDL-C variability indices were significantly (P<0.001) associated with primary outcome, and all-cause and cardiovascular deaths in total population (adjusted HR, 1.22-1.27) and the Fenofibrate group (adjusted HR, 1.32-1.36). However, in the placebo group, only LDL-C ARV was significantly associated with total and cardiovascular deaths (Table 2).

Table 2Association of mean and variability indexes of LDL cholesterol during follow-up with outcomes


	Outcomes
	Model
	Total population (n=5340)
	Fenofibrate (n=2673)
	Placebo (n=2667)

	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P

	Primary outcome

	Mean (+20 mg/dL)
	Model 1
	1.32 (1.16-1.33)
	0.001
	1.31 (1.19-1.45)
	<0.0001
	1.34 (1.16-1.54)
	<0.0001

	CV (+9.2%)
	Model 1
	1.19 (1.10-1.29)
	<0.0001
	1.31 (1.17-1.46)
	<0.0001
	1.09 (0.97-1.22)
	0.13

	 	Model 2
	1.22 (1.13-1.32)
	<0.0001
	1.32 (1.19-1.48)
	<0.0001
	1.12 (1.00-1.26)
	0.04

	VIM (+6 U)
	Model 1
	1.21 (1.12-1.31)
	<0.0001
	1.32 (1.18-1.48)
	<0.0001
	1.10 (0.98-1.23)
	0.08

	 	Model 2
	1.22 (1.13-1.33)
	<0.0001
	1.33 (1.19-1.49)
	<0.0001
	1.13 (1.00-1.26)
	0.04

	ARV (+10 mg/dL)
	Model 1
	1.28 (1.19-1.38)
	<0.0001
	1.32 (1.18-1.43)
	<0.0001
	1.24 (1.11-1.39)
	<0.0001

	 	Model 2
	1.27 (1.17-1.38)
	<0.0001
	1.36 (1.19-1.49)
	<0.0001
	1.19 (1.05-1.35)
	0.005

	Total mortality

	Mean (+20 mg/dL)
	Model 1
	1.32 (1.19-1.46)
	<0.0001
	1.25 (1.07-1.46)
	0.004
	1.37 (1.20-1.56)
	<0.0001

	CV (+9.2%)
	Model 1
	1.07 (0.97-1.18)
	0.19
	1.26 (1.10-1.44)
	0.001
	0.93 (0.81-1.07)
	0.29

	 	Model 2
	1.12 (1.01-1.23)
	0.03
	1.29 (1.13-1.49)
	0.0003
	0.98 (0.85-1.13)
	0.77

	VIM (+6 U)
	Model 1
	1.15 (1.05-1.27)
	0.004
	1.26 (1.12-1.43)
	0.0003
	1.06 (0.92-1.22)
	0.45

	 	Model 2
	1.13 (1.03-1.25)
	0.01
	1.25 (1.10-1.42)
	0.0007
	1.04 (0.90-1.19)
	0.63

	ARV (+10 mg/dL)
	Model 1
	1.37 (1.26-1.49)
	<0.0001
	1.35 (1.21-1.52)
	<0.0001
	1.40 (1.24-1.59)
	<0.0001

	 	Model 2
	1.29 (1.17-1.42)
	<0.0001
	1.31 (1.15-1.51)
	<0.0001
	1.29 (1.12-1.48)
	0.0006

	Cardiovascular mortality

	Mean (+20 mg/dL)
	Model 1
	1.34 (1.16-1.54)
	<0.0001
	1.30 (1.05-1.62)
	0.018
	1.36 (1.13-1.64)
	0.001

	CV (+9.2%)
	Model 1
	1.04 (0.90-1.20)
	0.59
	1.33 (1.10-1.61)
	0.003
	0.83 (0.67-1.01)
	0.07

	 	Model 2
	1.09 (0.94-1.26)
	0.27
	1.37 (1.13-1.66)
	0.001
	0.86 (0.70-1.07)
	0.17

	VIM (+6 U)
	Model 1
	1.17 (1.02-1.34)
	0.02
	1.38 (1.18-1.61)
	<0.0001
	0.96 (0.78-1.18)
	0.68

	 	Model 2
	1.15 (1.00-1.31)
	0.047
	1.35 (1.16-1.59)
	0.0002
	0.94 (0.76-1.15)
	0.53

	ARV (+10 mg/dL)
	Model 1
	1.37 (1.22-1.55)
	<0.0001
	1.44 (1.24-1.68)
	<0.0001
	1.29 (1.07-1.55)
	0.008

	 	Model 2
	1.28 (1.11-1.47)
	0.0006
	1.40 (1.17-1.68)
	0.0003
	1.15 (0.93-1.42)
	0.19


Model 1 was adjusted for therapy group (if applicable), sex, and baseline age, education, body mass index, systolic and diastolic blood pressure, smoking, drinking, and fasting plasma glucose. Model 2 was additionally adjusted for mean LDL-C during visits. VIM indicates variability independent of the mean; ARV, average real variability; and MMD, the difference of maximum minus minimum LDL



To allow for nonlinearity, all three LDL-C variability indices were split into deciles and HRs were calculated in relation to the first decile in the placebo group (Fig. 1 A). For the primary outcome, only the 10th decile of LDL-C VIM and ARV in both groups had a significantly higher risk (Fig. 1 B). For all-cause deaths, only the 10th decile of LDL-C CV in the intensive-therapy group had marginally significantly higher risk (Fig. 1 C). For cardiovascular deaths, some deciles of LDL-C variability indices had significantly lower risk but not higher risk (Fig. 1 D).
[image: ]
Fig. 1Hazard ratios for risk of outcomes by decile of LDL cholesterol variability indices. All hazard ratios for the primary outcome (B), all-cause death (C) and cardiovascular death (D) were adjusted for the mean lipid during visits, sex, and baseline age, education, body mass index, systolic and diastolic blood pressure, smoking, drinking, and fasting plasma glucose. Hazard ratios and 95% confidence intervals for each decile relative to the first decile in the placebo group and for each 10-percentile point increase in variability were estimated in a single model. The distributions of variability indices are also shown (A). VIM indicates variability independent of the mean (left); ARV, average real variability (middle); and MMD, the difference of maximum minus minimum LDL-C (right).

Maximum and minimum LDL-C during follow-up and outcomes
In multiple Cox regression analyses, the mean LDL-C during follow-up was significantly associated with primary outcome, total mortality, and cardiovascular mortality in the total population, the fenofibrate group, and the placebo group (Table 2). The prognostic variability of maximum and minimum LDL-C during follow-up was further investigated to look at the most benefits of lipid control. In multivariate analysis adjusted for other covariates and mean LDL-C during follow-up, the minimum but not the maximum LDL-C was more frequently significantly associated with the primary outcome, and total and cardiovascular deaths in the total population, as well as in the fenofibrate and placebo groups analyzed separately. The hazard ratios of the 1-SD increase in minimum LDL-C were 1.54 (95%CI, 1.41-1.67), 1.41 (1.28-1.56), and 1.54 (1.34-1.77) for the primary outcome, all-cause deaths and cardiovascular deaths, respectively in the total population (Table 3).

Table 3Hazard ratios for top decile of maximum and minimum LDL cholesterol during follow-up for Outcomes


	 	Total population (n=5340)
	Fenofibrate (n=2673)
	Placebo (n=2667)

	 	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P

	Maximum LDL_C
	 	 	 	 	 	 
	+1 SD (30 mg/dL)
	 	 	 	 	 	 
	Primary outcome
	1.10 (1.01-1.20)
	0.04
	1.15 (1.01-1.31)
	0.03
	1.15 (1.01-1.31)
	0.03

	All-cause deaths
	1.12 (1.01-1.23)
	0.04
	1.16 (0.99-1.34)
	0.06
	1.08 (0.94-1.24)
	0.30

	Cardiovascular deaths
	1.15 (0.99-1.33)
	0.054
	1.26 (1.02-1.56)
	0.03
	1.05 (0.87-1.28)
	0.60

	≥70 vs. <70 mg/dL
	 	 	 	 	 	 
	Primary outcome
	0.85 (0.48-1.52)
	0.59
	0.75 (0.33-1.69)
	0.49
	0.98 (0.43-2.20)
	0.95

	All-cause deaths
	0.61 (0.34-1.12)
	0.11
	0.50 (0.21-1.24)
	0.13
	0.70 (0.31-1.61)
	0.40

	Cardiovascular deaths
	0.48 (0.23-1.03)
	0.06
	0.62 (0.15-2.56)
	0.51
	0.43 (0.17-1.07)
	0.07

	Minimum LDL_C
	 	 	 	 	 	 
	+1 SD (18 mg/dL)
	 	 	 	 	 	 
	Primary outcome
	1.54 (1.41-1.67)
	<0.0001
	1.48 (1.31-1.68)
	<0.0001
	1.60 (1.42-1.80)
	<0.0001

	All-cause deaths
	1.41 (1.28-1.56)
	<0.0001
	1.31 (1.13-1.53)
	0.0005
	1.50 (1.31-1.70)
	<0.0001

	Cardiovascular deaths
	1.54 (1.34-1.77)
	<0.0001
	1.43 (1.15-1.78)
	0.001
	1.63 (1.36-1.96)
	<0.0001

	≥70 vs. <70 mg/dL
	 	 	 	 	 	 
	Primary outcome
	2.11 (1.77-2.52)
	<0.0001
	1.95 (1.51-2.52)
	<0.0001
	2.30 (1.79-2.94)
	<0.0001

	All-cause deaths
	1.60 (1.31-1.97)
	<0.0001
	1.48 (1.10-1.99)
	0.01
	1.73 (1.30-2.28)
	0.0001

	Cardiovascular deaths
	2.03 (1.52-2.70)
	<0.0001
	1.70 (1.11-2.60)
	0.02
	2.39 (1.61-3.53)
	<0.0001


All models were adjusted for therapy group (if applicable), sex, and baseline age, education, body mass index, systolic and diastolic blood pressure, smoking, drinking, and fasting plasma glucose



Further, the maximum and minimum LDL-C exceed 70 mg/dl, the threshold recommended by recent guideline, was investigated in relation to various outcomes. In a similar adjusted analysis, the minimum but not the maximum LDL-C exceeding 70 mg/dL was significantly (P≤0.01) associated with the primary outcome, and total and cardiovascular deaths in the total population, as well as in the fenofibrate and placebo groups analyzed separately. The hazard ratios of minimum LDL-C≥ 70 mg/dL were 2.11 (95%CI, 1.77-2.52), 1.60 (1.31-1.97), and 2.03 (1.52-2.70) for the primary outcome, all-cause deaths and cardiovascular deaths, respectively in the total population (Table 3).
Discussion
In the present study, three variability indices of LDL-C (CV, VIM and ARV) were analyzed in type 2 diabetes. The key findings can be summarized in 3 points: (1) visit-to-visit variability in LDL-C was an independent and powerful predictor of primary outcome, all-cause and cardiovascular deaths, independent of mean LDL-C and Fenofibrate treatment effect; (2) the minimum but not the maximum LDL-C were significantly associated with the various outcomes in both the Fenofibrate and placebo groups; (3) the minimum LDL-C exceed 70 mg/dL, the threshold recommended by recent guideline, was associated with various outcomes. These findings raised the issue that visit-to-visit LDL-C variability might be an important risk factor for outcomes, and LDL-C able to be controlled to less than 70 mg/dL at least once might have a benign prognosis.
Several observational studies confirmed the relationship between LDL-C variability and major adverse cardiac events in patients after ST-segment elevation myocardial infarction [16], patients with previous myocardial infarction [17], or elderly patients at high risk of vascular disease [18]. Analysis from the TNT (Treating to New Targets) trial showed that visit-to-visit LDL-C variability is an independent predictor of cardiovascular events in subjects with coronary artery disease [19]. In this study, a 1-SD increase in LDL-C variability conferred a 10–23% higher risk of any coronary event, any cardiovascular event, death, myocardial infarction, and stroke. The results of the present study also indicate that visit-to-visit variability in LDL-C (SD, CV, and ARV) was lower in the fenofibrate group than in the placebo group, irrespective of the statin therapy status. However, the mean LDL-C level was similar between the two groups, which showed that fenofibrate did not reduce LDL_C levels but did reduce LDL-C variability. LDL-C variability (CV and VIM) was only significantly associated with both total and cardiovascular mortality in the fenofibrate group but not in the placebo group. However, the ARV of LDL-C was associated with various outcomes in both the fenofibrate and placebo groups.
To the best of our knowledge, the current analysis was the first to study the prognostic significance for LDL-C variability in type 2 diabetes. In 864 patients with type 2 diabetes aged 62.7 (±11.8) years, with a median follow-up of 3.8 years, HDL-C rather than LDL-C variability was associated with a higher risk of diabetic nephropathy progression [20]. Another study investigated the association between the variability of LDL-C, systolic blood pressure, diastolic blood pressure, and total-, HDL- and LDL-cholesterol in type 2 diabetic patients with the risk of diabetic kidney disease [21]. The study found that the combination of high variability in LDL-C and HDL-C conferred the highest risk of developing albuminuria (HR 1.47; 95% CI 1.17-1.84). The present study confirmed that high LDL-C variability was a predictor of primary outcome and mortality in diabetes mellitus.
The exact mechanism concerning increased LDL-C variability to a high risk of primary outcome and total and cardiovascular deaths remains unknown. However, there are several possible explanations. Because greater LDL-C variability might increase the likelihood of plaque vulnerability and rupture, it may lead to instability at the vascular wall, as a result of variability in lipid efflux mechanisms, thereby increasing the risk of cardiovascular events [19]. Under the conditions of high plasma glucose or diabetes mellitus, the detriment of atherosclerosis might be amplified. In fact, associations between diabetes and atherosclerosis are well established [22]. Numerous data from clinical trials and experimental experiments showing the onset of diabetes mellitus complications are associated with atherosclerosis, which means that the important role of diabetes mellites might induce damage on endothelial function, and then cause instability in vascular homeostasis [23, 24].
Recent dyslipidemia management guidelines recommended that LDL-C levels should be lowered as much as possible to prevent cardiovascular disease, especially in high and very high-risk patients. In high-risk patients, such as general diabetes mellitus, the LDL-C goal is <70 mg/dL or at least 50% reduction from baseline LDL-C levels [8]. The present study was the first to investigate the prognostic significance of minimum and maximum LDL-C during follow-up, and found that the minimum but not the maximum LDL-C was significantly associated with the primary outcome, and total and cardiovascular deaths in both the fenofibrate and placebo groups and the minimum LDL-C exceeding 70 mg/dL were associated with various outcomes. The results mean that LDL-C able to be controlled to less than 70 mg/dL during follow-up might have a benign prognosis.
Strengths and limitations
The present study should be interpreted within the context of its strengths and limitations. The main strengths of this study include a large number of LDL-C measures, which enable us to accurately calculate LDL-C variability. In addition, as many as three variability indices were used, which enabled us to study LDL-C variability more comprehensively. Furthermore, for primary outcome analysis, we calculated time-dependent measures of variation before the events occurred. The analyses also have limitations. Because of the post hoc nature of the analysis and the highly selected study population, the results should be investigated in other studies and extended to real world studies. Another limitation was that this study was a fenofibrate rather than statin treatment trial, and information on statin usage, which affects the stability of LDL-C, was lacking. The ACCORD study enrolled patients more than a decade ago (2001-2009). The study results might be therefore not applicable to contemporary real-world patients. However, the prevalence of dyslipidemia and other risk factors in this population is similar to that of contemporary trials [25] and real-world registries [26], and therefore can be generalized of the results in more contemporary cohorts.
Conclusions
Visit-to-visit variability in LDL-C was a strong predictor of outcomes, and an LDL-C was control to less than 70 mg/dL might have a benign prognosis. The present study implies that an LDL-C goal of low level over long time during lipid therapy confers the largest benefit in patients with high cardiovascular risk. In recent years, combining PCSK9 inhibitors with statins and/or ezetimibe allowed to substantially reduce LDL-C levels, improve the control of LDL-C levels over time, increase treatment adherence, and might therefore reduce the LDL-C variability, with relevant effects on cardiovascular outcomes[27, 28].
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