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Visit-to-visit variability in low-density lipoprotein cholesterol is 
associated with adverse events in non-obstructive  

coronary artery disease

Introduction

The intra-individual variability in multiple physiologic indica-
tors has attracted increasing concern in recent years. A lower 
heart rate variability and higher blood pressure or glycemic 
variability have been reported to be associated with adverse 
clinical outcomes (1-6). Recently, a high visit-to-visit variability in 
low-density lipoprotein cholesterol (LDL-C) levels has also been 
identified as an independent predictor of adverse cardiovascu-
lar events (7-13). 

Non-obstructive coronary artery disease (CAD) refers to the 
presence of coronary atherosclerosis without apparent coro-
nary stenosis (14-17), and the progression and rupture of these 

lesions play a critical role in the pathogenesis of cardiovascular 
events (16). Prior studies have noted that non-obstructive CAD 
is associated with a higher risk of cardiovascular events than 
near-normal coronary artery (16). To date, optimal management 
strategies for this population have not yet been established (17). 
Hence, more information on non-obstructive CAD patients and 
their longitudinal clinical outcomes is required to understand 
their risks for major adverse cardiovascular events (MACEs) and 
latent therapeutic implications.

So far, to the best of our knowledge, no study has assessed 
the role of cholesterol variability as a determinant of cardiovas-
cular events or mortality among the population with non-ob-
structive CAD. Therefore, we conducted a retrospective cohort 
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study involving more than 2.000 patients with non-obstructive 
CAD to investigate the prognostic significance of an increased 
LDL-C variability on all-cause mortality and composite endpoints 
[death, myocardial infarction (MI), coronary revascularization] 
during a 5-year follow-up.

Methods

Study population
We conducted a retrospective cohort study of adults with 

non-obstructive CAD, which was defined as a coronary artery 
stenosis ≥20% or more but <50% in the left main coronary ar-
tery or a stenosis ≥20% or more but <70% in any other epicardial 
coronary artery, as documented by the clinician in the coronary 
angiography (CAG) report (14). In brief, we identified a total of 
2.012 patients with non-obstructive CAD among the cohort of 
6.125 consecutive individuals from January 2006 to December 
2010. The enrolled patients had undergone at least 3 LDL-C 
measurements during the first 2 years (baseline LDL-C variabil-
ity), followed by a 5-year follow-up. Major exclusion criteria in-
cluded heart failure; acute coronary syndrome; previous statin 
prescription; a history of MI, PCI, or CABG; and chronic kidney 
disease [estimated glomerular filtration rate (eGFR) <60 mL/
min/1.73 m2]. Patients who experienced all-cause death, MI, or 
coronary revascularization during the period of baseline LDL-C 
variability (the first 2 years) were excluded. The medication pos-
session ratio (MPR), known as the proportion of days covered, 
was calculated as the sum of days’ supply of medicine obtained 
between the first fill and the last fill divided by the total number of 
days in this period. The MPR was calculated using all statin fills 
during the study period. If patients were prescribed with statin, 
patients with statin MPR <80% were excluded. The research 
protocol was approved by the Local Ethics Committee, and writ-
ten informed consent was obtained from all the participants.

Definition of LDL-C variability
The intra-individual mean (LDL-C-mean) was calculated 

according to the mean value of continuous measured LDL-C in 
each patient. The standard deviation of serial LDL-C measure-
ments (LDL-C-SD) was measured as LDL-C variability. The coef-
ficient of variation of LDL-C (LDL-C-CV) was used to correct the 
mean. Due to the lack of existing cutoffs for the LDL-C variability 
indices, we divided subjects into higher and lower groups, based 
on the median of each LDL-C variability indices.

Outcome measures
The primary outcome measure was an all-cause mortality 

during the follow-up period, and the secondary outcome was 
a composite of all-cause mortality, MI, and coronary revascu-
larization. The study population was followed from baseline to 
the date of death or cardiovascular events, or the end of study, 
whichever came first. Most patients visited our clinic at least ev-

ery 3 months. However, if the patients did not show up at their 
scheduled clinic, they were interviewed by telephone. 

Statistical analysis
Statistical analysis was performed using the SPSS Statistical 

Software, version 22.0 (SPSS Inc., Chicago, IL, USA). Continuous 
variables were presented as the mean ± standard deviation (SD) 
and categorical variables as absolute number (n) and/or percent-
ages. An independent sample t-test and Chi-square test were 
used for between-group comparisons of quantitative or qualita-
tive variables. The Cox proportional hazards regression model 
was used to explore the association between risk factors and 
the risk of all-cause mortality or composite endpoints. All predic-
tors with a significance of p<0.10 in the univariable analysis and 
forced inclusion variables were entered into the multivariable 
model. Hazard ratios (HR) and corresponding 95% confidence 
intervals (CIs) were reported. The Kaplan–Meier statistical anal-
ysis showed freedom from occurrence of all-cause mortality or 
composite endpoints at 5 years, and the log-rank test was used 
to assess differences between the groups. All p-values were 
two sided, and the alpha criterion was set to 0.05.

Results

Baseline characteristic
Characteristics of participants by the SD median for LDL-C 

are described in Table 1. The median value of LDL-C-SD or LDL-
C-CV was 22 mg/dL, 24.49%, respectively. Subjects in the lower 
LDL-C-SD group used statin more frequently. No difference was 
found with regard the LDL-C-mean or number of LDL-C measure-
ments between the two groups. Similar patterns of baseline 
characteristics were noted by the median of LDL-C-CV (Table 2). 

All-cause mortality
There were 99 (4.92%) mortality cases during a 5-year follow-

up in the entire cohort. The percentage of subjects who experi-
enced all-cause mortality was lower in those with low LDL-C 
variability compared with high LDL-C variability [LDL-C-SD (low vs. 
high): 30/1006 vs. 69/1006, p<0.001; LDL-C-CV (low vs. high): 31/1007 
vs. 68/1005, p<0.001). The annualized mortality rate was 0.60% in 
the low LDL-C-SD group and 1.41% in the high LDL-C-SD group. 
For the multivariable regression analysis in Model 1, variables (age, 
gender, medical history, medications, clinical status, laboratory 
variables) were entered into the univariate regression analysis, 
and variables with p<0.10 [age, LDL-C-SD (high or low), aspirin, 
statin] and forced inclusion variables that were considered as im-
portant predictors of clinical endpoints or associated with LDL-C 
variability (gender, eGFR, LDL-C-mean, baseline LDL-C, number of 
LDL-C measurements) were further entered into the multivariable 
Cox regression model. The result showed that LDL-C-SD (HR 2.272, 
95% CI: 1.479–3.491, p<0.001) was associated with an increased 
risk of all-cause mortality, and aspirin or statin therapies were 
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associated with a decreased risk of all-cause mortality (Table 3). 
When using LDL-C-CV instead of LDL-C-SD in Model 2, LDL-C-
CV was associated with an increased risk of all-cause mortality, 
and aspirin or statin therapies were associated with a decreased 

Table 2. Baseline characteristics

                           LDL-C-CV

 Lower Higher P value

 (<24.49%) (≥24.49%)

 (n=1007) (n=1005)

Sociodemographics

Female (gender) 363 (36.0%) 364 (%) 0.936

Age (years) 65.8±7.3 66.0±7.6 0.337

Clinical

eGFR (mL/min/1.73 m2) 78.1±9.7 78.7±9.6 0.130

BMI (kg/m2) 24.7±2.2 24.9±2.3 0.182

Hemoglobin (g/L) 131.9±15.3 131.4±14.2 0.524

Fasting glucose (mmol/L) 6.06±2.21 6.00±1.90 0.486

HbA1c (%) 6.4±1.1 6.4±1.1 0.485

Baseline lipid level

TC (mg/dL) 191±40 189±39 0.297

TG (mg/dL) 154±89 152±80 0.752

HDL-C (mg/dL) 41±12 41±11 0.439

LDL-C (mg/dL) 119±37 114±34 0.812

LDL-C-mean 91±25 118±33 0.449

LDL-C times 11.0±2.2 10.9±2.2 0.366

Comorbidities

Diabetes mellitus 157 (15.6%) 154 (15.3%) 0.868

Hypertension 498 (49.5%) 518 (51.5%) 0.439

Atrial fibrillation 66 (6.6%) 62 (6.2%) 0.724

Smoking 293 (29.1%) 306 (30.4%) 0.507

Stroke 115 (11.4%) 101 (10.0%) 0.321

Heart failure 58 (5.8%) 70 (7.0%) 0.268

COPD 106 (10.5%) 94 (9.4%) 0.379

Medical treatment

Aspirin 546 (54.2%) 540 (53.7%) 0.826

Clopidogrel 97 (9.6%) 97 (9.7%) 0.988

Statin 763 (75.8%) 727 (72.3%) 0.079

CCB 233 (23.1%) 211 (21.0%) 0.246

ACEI/ARB 351 (34.9%) 344 (34.2%) 0.583

Beta-blockers 198 (19.7%) 165 (16.4%) 0.122

Data are presented as the mean±SD or number (%) of subjects.
eGFR - estimated glomerular filtration rate; BMI - body mass index;  
HbA1C - hemoglobin A1c; TC - total cholesterol; TG - triglyceride;  
HDL-C - high-density lipoprotein cholesterol; LDL-C - low-density lipoprotein 
cholesterol; COPD - chronic obstructive pulmonary disease; CCB - calcium channel 
blocker; ACEI/ARB - angiotensin-converting enzyme inhibitor/angiotensin II receptor 
blocker

Table 1. Baseline characteristics

                           LDL-C-SD

 Lower  Higher P value

 (<22 mg/dL) (≥22 mg/dL)

 (n=1006) (n=1006)

Sociodemographics

Female (gender) 372 (37.0%) 355 (35.3%) 0.430

Age (years) 65.9±7.3 65.9±7.6 0.881

Clinical

eGFR (mL/min/1.73 m2) 78.4±9.8 78.4±9.5 0.901

BMI (kg/m2) 24.9±2.2 24.8±2.2 0.102

Hemoglobin (g/L) 131.8±15.2 131.8±14.8 0.679

Fasting glucose (mmol/L) 6.07±2.18 5.98±1.93 0.332

HbA1c (%) 6.4±1.1 6.4±1.0 0.137

Baseline lipid level

TC (mg/dL) 191±39 190±40 0.676

TG (mg/dL) 153±87 154±81 0.888

HDL-C (mg/dL) 41±12 41±11 0.765

LDL-C (mg/dL) 119±36 118±34 0.419

LDL-C-mean (mg/dL) 90±26 91±28 0.491

Number of LDL-C measurements 10.9±2.3 11.0±2.2 0.104

Comorbidities

Diabetes mellitus 160 (15.9%) 151 (15.0%) 0.579

Hypertension 494 (49.1%) 522 (51.9%) 0.212

Atrial fibrillation 57 (5.7%) 71 (7.1%) 0.201

Smoking 291 (28.9%) 308 (30.6%) 0.407

Stroke 116 (11.5%) 100 (9.9%) 0.249

Heart failure 63 (6.3%) 65 (6.5%) 0.855

COPD 97 (9.6%) 103 (10.2%) 0.655

Medical Treatment

Aspirin 553 (55.0%) 533 (53.0%) 0.371

Clopidogrel 96 (9.5%) 98 (9.7%) 0.880

Statin 766 (76.1%) 724 (72.0%) 0.033

Atorvastatin 10–20 mg 352 (35.0%) 326 (32.4%) 0.220

Rosuvastatin 5–10 mg 292 (29.0%) 281 (27.9%) 0.587

Simvastatin 20–40 mg 72 (7.2%) 62 (6.2%) 0.371

Pravastatin 40 mg 50 (5.0%) 55 (5.5%) 0.616

CCB 212 (21.1%) 232 (23.1%) 0.282

ACEI/ARB 337 (33.5%) 358 (35.6%) 0.367

Beta-blocker 177 (17.6%) 186 (18.5%) 0.602

Data are presented as the mean±SD or number (%) of subjects.
eGFR - estimated glomerular filtration rate; BMI - body mass index;  
HbA1C - hemoglobin A1c; TC - total cholesterol; TG - triglyceride;  
LDL-C - low-density lipoprotein cholesterol; HDL-C - high-density lipoprotein 
cholesterol; COPD - chronic obstructive pulmonary disease; CCB - calcium channel 
blocker; ACEI/ARB - angiotensin-converting enzyme inhibitor/angiotensin II receptor 
blocker
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risk of all-cause mortality (Table 3). When the interaction effects 
of LDL-C variability and statin or aspirin were further entered into 
the multivariable Cox regression model, the results indicated that 
LDL-C-SD (HR 2.032, 95% CI: 1.158–3.564, p=0.013) or LDL-C-CV 
(HR 1.779, 95% CI: 1.053–3.008, p=0.031) was still associated with 
an increased risk of all-cause mortality. The Kaplan–Meier plots 
for the occurrence of all-cause mortality between different LDL-C 
variability levels were are in Figures 1a, 1b.

As for the relationship between the LDL-C variability and car-
diovascular or non-cardiovascular death, a higher LDL-C-SD led 
to both increased cardiovascular [LDL-C-SD (low vs. high) 11/1006 
vs. 33/1006, p=0.001] and non-cardiovascular death [LDL-C-SD 
(low vs. high) 19/1006 vs. 36/1006, p=0.020]. In addition, every 1-SD 
increase of LDL-C variability (LDL-C-SD) predicted a 44.6% greater 
likelihood of mortality (HR 1.446, 95% CI: 1.182–1.768, p<0.001).

LDL-C variability and composite endpoints
There were 154 (7.65%) cases of composite endpoints dur-

ing the follow-up. The percentage of subjects who experienced 
combined endpoints was lower in those with a lower LDL-C vari-
ability group compared with a higher LDL-C variability group [LDL-
C-SD (low vs. high): 56/1006 vs. 98/1006, p<0.001; LDL-C-CV (low 
vs. high): 59/1007 vs. 95/1005, p=0.002]. The annualized events rate 
was 1.14% in the low LDL-C-SD group and 2.02% in the high LDL-
C-SD group. For the multivariable regression analysis in Model 
3, variables (age, gender, medical history, medications, clinical 
status, laboratory variables) were entered into the univariate re-
gression analysis, and variables with p<0.10 [age, LDL-C-SD (high 
or low), aspirin, statin] and forced inclusion variables that were 
considered as important predictors of clinical endpoints or asso-
ciated with LDL-C variability (gender, eGFR, LDL-C-mean, baseline 

Table 3. Multivariable Cox analysis for all-cause mortality

 HR 95% CI P value HR 95% CI P value

 (Model 1)   (Model 2)

LDL-C-SD (high, low) 2.272 1.479-3.491 <0.001 - - -

LDL-C-CV (high, low) - - - 2.204 1.440-3.372 <0.001

Age 1.027 0.999-1.055 0.058 1.026 0.998-1.054 0.064

Gender 0.935 0.617-1.418 0.752 0.992 0.608-1.398 0.702

Aspirin 0.660 0.443-0.982 0.041 0.652 0.438-0.972 0.036

Statin 0.643 0.426-0.976 0.036 0.635 0.420-0.959 0.031

 1.000 0.980-1.021 0.964 0.999 0.979-1.020 0.947

Baseline LDL-C 0.921 0.740-1.145 0.458 0.919 0.738-1.145 0.452

LDL-C-mean 1.019 0.772-1.346 0.893 1.021 0.778-1.338 0.883

number of measurements 0.999 0.912-1.094 0.983 1.006 0.920-1.101 0.894

eGFR - estimated glomerular filtration rate; CI - confidence interval; LDL-C-SD - standard deviation of low-density lipoprotein cholesterol;  
LDL-C-CV - coefficient of variation of low-density lipoprotein cholesterol

Table 4. Multivariable Cox analysis for composite endpoints

 HR 95% CI P value HR 95% CI P value

 (Model 3)   (Model 4)

LDL-C-SD (high, low) 1.758 1.265-2.442 0.001 - - -

LDL-C-CV (high, low) - - - 1.634 1.180-2.263 0.003

Age 1.108 0.996-1.040 0.110 1.017 0.996-1.040 0.117

Gender 1.052 0.758-1.460 0.762 1.042 0.751-1.447 0.805

Aspirin 0.690 0.502-0.949 0.023 0.686 0.499-0.943 0.020

Statin 0.746 0.531-1.047 0.091 0.739 0.526-1.038 0.081

 1.001 0.985-1.018 0.880 1.001 0.984-1.017 0.948

Baseline LDL-C 0.889 0.745-1.060 0.190 0.888 0.744-1.060 0.187

LDL-C-mean 0.988 0.789-1.237 0.913 0.990 0.793-1.235 0.929

number of measurements 0.994 0.924-1.069 0.874 0.999 0.930-1.074 0.979

eGFR - estimated glomerular filtration rate; CI - confidence interval; LDL-C-SD - standard deviation of low-density lipoprotein cholesterol;  
LDL-C-CV - coefficient of variation of low-density lipoprotein cholesterol



Gu et al.
Low-density lipoprotein cholesterol variability in non-obstructive coronary artery disease

Anatol J Cardiol 2019; 22: 117-24
DOI:10.14744/AnatolJCardiol.2019.26428 121

LDL-C, number of LDL-C measurements) were further entered into 
the multivariable Cox regression model. The result showed that 
LDL-C-SD (HR 1.758, 95% CI: 1.265–2.442, p=0.001) was associated 
with an increased risk of all-cause mortality, and aspirin thera-
py was associated with a decreased risk of all-cause mortality 
(Table 4). When using LDL-C-CV instead of LDL-C-SD in Model 
3, LDL-C-CV was associated with an increased risk of all-cause 
mortality, and aspirin therapy was associated with a decreased 
risk of all-cause mortality (Table 4). When the interaction effects 
of LDL-C variability and statin or aspirin were further entered into 

the multivariable Cox regression model, and the results indicated 
that LDL-C-SD (HR 2.090, 95% CI: 1.334–3.273, p=0.001) or LDL-C-
CV (HR 1.694, 95% CI: 1.103–2.603, p=0.016) was still associated 
with an increased risk of all-cause mortality. The Kaplan–Meier 
plots for the occurrence of composite endpoints between differ-
ent LDL-C variability levels were presented in Figures 1c, 1d.

With respect to the association between the LDL variability 
and MI/coronary revascularization, separately, we found a de-
crease trend in lower LDL-C variability group [LDL-C-SD (low vs. 
high): 30/1006 vs. 46/1006, p=0.061].

Figure 1. Kaplan–Meier curves of freedom from all-cause mortality (a, b) and composite endpoints (c, d) for low and high LDL-C variability after a 
5-year follow-up in total HF patients. Numbers at the bottom of the figure are “numbers at risk.”
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Statin and LDL-C variability
Taking statin can greatly affect the cholesterol variability (18-

20). Therefore, we performed a detailed analysis according to the 
use of statin. Subjects receiving statin therapy showed a lower 
LDL-C mean (92±26 mg/dL vs. 95±29 mg/dL, p<0.001), as well as 
the LDL-C variability (LDL-C-SD: 21.2±3.9 mg/dL vs. 21.8±3.7 mg/dL 
p=0.009; LDL-C-CV: 25.8±9.1% vs. 26.6±9.6%, p=0.080) compared 
with subjects without statin treatment. Similarly, statin therapy 
led to a favorable prognosis in all-cause death (63/1490 vs. 36/522, 
p=0.015) or composite endpoints (104/1490 vs. 50/522, p=0.055). 

Discussion

In this long-term retrospective cohort study, we investigated 
the association between the LDL-C variability and the risk of all-
cause mortality, MI, and coronary revascularization in a popula-
tion with non-obstructive CAD. The results indicate that visit-to-
visit LDL-C variability is a powerful and independent predictor of 
all-cause mortality or composite endpoints, even after adjusting 
for possible confounding factors, including the LDL-C-mean level 
in this population. 

The variability of biological indicators has been identified as 
a new biometric which has been shown to be associated with 
clinical outcomes in CAD patients (1-4, 21, 22). In patients with a 
history of MI, a depressed heart rate variability was found to be 
a sign of malignant arrhythmia and sudden cardiac death (22). 
The visit-to-visit blood pressure variability was considered to be 
a significant indicator of potential vascular dysfunction and ad-
verse cardiovascular events in CAD (21). It was also indicated 
that higher hemoglobin A1c (HbA1c) variability was closely linked 
to greater left ventricular diastolic dysfunction and was an in-
dependent predictor of new-onset heart failure with preserved 
ejection fraction (HFpEF) in our previous study (5). In addition, 
increased HbA1c variability was significantly associated with 
future AF development in patients with type 2 diabetes mellitus 
(6). Our prospective longitudinal study showed that the HbA1c 
variability was independently and similarly predictive of death or 
combined endpoints in three heart failure phenotypes (23).

Recently, high cholesterol variability was considered as an 
independent predictor of MACEs in CAD (7, 8, 13). The TNT trial 
showed that visit-to-visit LDL-C variability independently predict-
ed cardiovascular event, death, MI, and stroke in stable CAD (7). 
Another study indicated that both elevated LDL-C variability and 
increased high-density lipoprotein cholesterol (HDL-C) variability 
were linked to the occurrence of a 5-year MACEs in patients pre-
senting with ST-segment elevation MI (STEMI) (13). Higher vari-
ability in LDL-C was also associated with both a lower cognitive 
performance and lower cerebral blood flow (8). Aforementioned 
studies raised an important question whether the LDL-C variabil-
ity could be an additional risk factor in cardiovascular events. 

It has been reported that the prevalence of non-obstructive 
CAD was 15%–30% in patients underwent elective CAG or coro-

nary computed tomography angiography (CCTA) (14, 24-26). In pa-
tients with chest pain referring for CAG, those with non-obstruc-
tive CAD had elevated risks of all-cause mortality and MACEs, 
compared to those without CAD (27). It has also showed that the 
risk of MI in non-obstructive CAD patients was 2 to 4.5 times high-
er than among those with no apparent CAD (14). Furthermore, the 
CONFIRM registry indicated that the presence of non-obstructive 
CAD led to an HR of 1.60 for all-cause mortality (24). These results 
indicate that non-obstructive CAD is associated with a signifi-
cant risk for cardiovascular morbidity and mortality, and highlight 
the clinical importance of preventive strategies in this population. 
So, far, no study has evaluated the role of cholesterol variability 
as a determinant of cardiovascular events and mortality among 
the non-obstructive CAD population. The present study showed 
that the visit-to-visit LDL-C variability is an independent predictor 
of all-cause mortality or composite endpoints after adjusting for 
possible confounding factors. 

To date, the mechanism linking an increased LDL-C variabil-
ity to an increased risk of cardiovascular events is unknown, but 
there are several hypotheses. The increase in the LDL-C variabil-
ity might lead to instability at the vascular wall as a result of vari-
ability in the lipid efflux mechanism and thus enhance the risk for 
plaque vulnerability and rupture (28). Second, endothelial dys-
function predisposes vessels to atherosclerosis. It was reported 
that a higher LDL-C variability was associated with endothelial 
dysfunction (8, 29, 30).

Consistent with our results, it was reported that statin therapy 
was associated with a reduction in average LDL-C or visit-to-visit 
LDL-C variability (18-20), as well as favorable clinical prognosis in 
non-obstructive CAD (31). Besides, the variability in LDL-C levels 
might also reflect behavioral or clinical factors, such as inconsis-
tent adherence to treatment, that weaken statins responsiveness 
(19). Statin withdrawal might lead to a rebound phenomenon by 
eliminating beneficial pleiotropic effects, such as cholesterol-
lowering effect, plaque stabilization, endothelial function im-
provement, and anti-oxidative and anti-inflammatory effects (32). 
A strong positive and significant association was noted between 
increasing LDL-C variability and statin non-adherence (20). To 
avoid the effects of statin non-adherence in the present study, 
only patients with statin MPR ≥80% were enrolled. 

In addition to all-cause mortality and composite endpoints, we 
also analyzed the associations of the LDL variability and MI/coro-
nary revascularization, and the LDL variability and cardiovascular/
non-cardiovascular death. We found a decrease trend in the inci-
dence of MI/coronary revascularization in lower LDL-C variability. 
And a higher LDL-C variability led to both increased cardiovascular 
and non-cardiovascular death. The difference in cardiovascular 
death was more pronounced. These results suggested the clinical 
importance of LDL-C variability among non-obstructive CAD.

Study limitation
First, due to the nature of this retrospective cohort study, cau-

sality could not be determined. Furthermore, potential informa-
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tion biases include changes in the sample examination method 
with time and differences in the number of LDL-C measurements. 
In particular, the intervals between LDL-C measurements varied 
for the enrolled patient. Second, we did not measure the markers 
of endothelial function, because it is widely recognized that the 
LDL-C variability causes endothelial dysfunction. Lastly, because 
only the Chinese population was included, our findings cannot be 
extrapolated to people of different ethnicities.

Conclusion

Overall, the LDL-C variability was related independently to the 
risk of all-cause mortality or composite endpoints (death, MI, and 
coronary revascularization) in a population with non-obstructive 
CAD. These findings suggest the clinical importance of LDL-C 
variability, and they warrant further investigation of interventions 
to improve outcomes among patients with non-obstructive CAD.

Sources of funding: This study was supported by Clinical Research 
Program of 9th People’s Hospital affiliated to Shanghai Jiaotong Univer-
sity School of Medicine (JYLJ201803), research projects from Shang-
hai Science and Technology Commission (18411950500) and Shanghai 
Shenkang Hospital Development Center (16CR2034B).

Conflict of interest: None declared.

Peer-review: Internally peer-reviewed.

Authorship contributions: Concept – J.G., Z.F.Y.; Design – J.G., Z.F.Y.; 
Supervision – J.F.Z., C.Q.W.; Fundings – J.G., C.Q.W.; Materials – Z.F.Y., 
J.A.P.; Data collection &/or processing – Z.F.Y., J.A.P.; Analysis &/or inter-
pretation – J.G., J.A.P.; Literature search – J.G., J.A.P.; Writing – J.G., Z.F.Y.; 
Critical review – J.G., Z.F.Y., J.A.P., J.F.Z., C.Q.W.

References

1. Tai C, Sun Y, Dai N, Xu D, Chen W, Wang J, et al. Prognostic signifi-
cance of visit-to-visit systolic blood pressure variability: a meta-anal-
ysis of 77,299 patients. J Clin Hypertens (Greenwich) 2015; 17: 107-15.

2. Rothwell PM, Howard SC, Dolan E, O'Brien E, Dobson JE, Dahlöf B, 
et al. Prognostic significance of visit-to-visit variability, maximum 
systolic blood pressure, and episodic hypertension. Lancet 2010; 
375: 895-905.

3. Sabayan B, Wijsman LW, Foster-Dingley JC, Stott DJ, Ford I, Buckley 
BM, et al. Association of visit-to-visit variability in blood pressure 
with cognitive function in old age: prospective cohort study. BMJ 
2013; 347: f4600.

4. Kim DH, Lipsitz LA, Ferrucci L, Varadhan R, Guralnik JM, Carlson MC, 
et al. Association between reduced heart rate variability and cogni-
tive impairment in older disabled women in the community: Women's 
Health and Aging Study I. J Am Geriatr Soc 2006; 54: 1751-7.

5. Gu J, Fan YQ, Zhang JF, Wang CQ. Association of hemoglobin A1c 
variability and the incidence of heart failure with preserved ejec-
tion fraction in patients with type 2 diabetes mellitus and arterial 
hypertension. Hellenic J Cardiol 2018; 59: 91-7.

6. Gu J, Fan YQ, Zhang JF, Wang CQ. Impact of long-term glycemic 
variability on development of atrial fibrillation in type 2 diabetic pa-
tients. Anatol J Cardiol 2017; 18: 410-6.

7. Bangalore S, Breazna A, DeMicco DA, Wun CC, Messerli FH; TNT 
Steering Committee and Investigators. Visit-to-visit low-density lipo-
protein cholesterol variability and risk of cardiovascular outcomes: 
insights from the TNT trial. J Am Coll Cardiol 2015; 65: 1539-48.

8. Smit RA, Trompet S, Sabayan B, le Cessie S, van der Grond J, van 
Buchem MA, et al. Higher visit-to-visit low-density lipoprotein cho-
lesterol variability is associated with lower cognitive performance, 
lower cerebral blood flow, and greater white matter hyperintensity 
load in older subjects. Circulation 2016; 134: 212-21.

9. Kim MK, Han K, Kim HS, Park YM, Kwon HS, Yoon KH, et al. Choles-
terol variability and the risk of mortality, myocardial infarction, and 
stroke: a nationwide population-based study. Eur Heart J 2017; 38: 
3560-6.

10. Takenouchi A, Tsuboi A, Kitaoka K, Minato S, Kurata M, Fukuo K, et 
al. Visit-to-Visit Low-Density Lipoprotein Cholesterol Variability Is 
an Independent Determinant of Carotid Intima-Media Thickness in 
Patients With Type 2 Diabetes. J Clin Med Res 2017; 9: 310-6.

11. Bangalore S, Fayyad R, Messerli FH, Laskey R, DeMicco DA, Kastelein 
JJ, et al. Relation of variability of low-density lipoprotein cholesterol 
and blood pressure to events in patients with previous myocardial 
infarction from the IDEAL Trial. Am J Cardiol 2017; 119: 379-87.

12. Clark D 3rd, Nicholls SJ, St John J, Elshazly MB, Kapadia SR, Tuzcu 
EM, et al. Visit-to-visit cholesterol variability correlates with coro-
nary atheroma progression and clinical outcomes. Eur Heart J 2018; 
39: 2551-8.

13. Boey E, Gay GM, Poh KK, Yeo TC, Tan HC, Lee CH. Visit-to-visit 
variability in LDL- and HDL-cholesterol is associated with adverse 
events after ST-segment elevation myocardial infarction: A 5-year 
follow-up study. Atherosclerosis 2016; 244: 86-92.

14. Maddox TM, Stanislawski MA, Grunwald GK, Bradley SM, Ho PM, 
Tsai TT, et al. Nonobstructive coronary artery disease and risk of 
myocardial infarction. JAMA 2014; 312: 1754-63. 

15. Pasupathy S, Tavella R, Beltrame JF. Myocardial infarction with 
nonobstructive Coronary Arteries (MINOCA): The past, present, 
and future management. Circulation 2017; 135: 1490-3. 

16. Emami H, Takx RAP, Mayrhofer T, Janjua S, Park J, Pursnani A, et 
al. Nonobstructive coronary artery disease by coronary CT angiog-
raphy improves risk stratification and allocation of statin therapy. 
JACC Cardiovasc Imaging 2017; 10: 1031-8.

17. Oxner A, Elbaz-Greener G, Qui F, Masih S, Zivkovic N, Alnasser S, 
et al. Variations in use of optimal medical therapy in patients with 
nonobstructive coronary artery disease: a population-based study. 
J Am Heart Assoc 2017; 6. pii: e007526. 

18. Descamps O, Tomassini JE, Lin J, Polis AB, Shah A, Brudi P, et al. 
Variability of the LDL-C lowering response to ezetimibe and ezeti-
mibe + statin therapy in hypercholesterolemic patients. Atheroscle-
rosis 2015; 240: 482-9.

19. Karlson BW, Wiklund O, Palmer MK, Nicholls SJ, Lundman P, Barter 
PJ. Variability of low-density lipoprotein cholesterol response with 
different doses of atorvastatin, rosuvastatin, and simvastatin: results 
from VOYAGER. Eur Heart J Cardiovasc Pharmacother 2016; 2 212-7.

20. Mann DM, Glazer NL, Winter M, Paasche-Orlow MK, Muntner P, 
Shimbo D, et al. A pilot study identifying statin nonadherence with 
visit-to-visit variability of low-density lipoprotein cholesterol. Am J 
Cardiol 2013; 111: 1437-42.

21. Gosmanova EO, Mikkelsen MK, Molnar MZ, Lu JL, Yessayan LT, 
Kalantar-Zadeh K, et al. Association of systolic blood pressure vari-



Gu et al.
Low-density lipoprotein cholesterol variability in non-obstructive coronary artery disease

Anatol J Cardiol 2019; 22: 117-24
DOI:10.14744/AnatolJCardiol.2019.26428124

ability with mortality, coronary heart disease, stroke, and renal dis-
ease. J Am Coll Cardiol 2016; 68: 1375-86.

22. Tsuji H, Larson MG, Venditti FJ Jr, Manders ES, Evans JC, Feldman 
CL, et al. Impact of reduced heart rate variability on risk for cardiac 
events. The Framingham Heart Study. Circulation 1996; 94: 2850–5.

23. Gu J, Pan JA, Fan YQ, Zhang HL, Zhang HL, Wang CQ. Prognostic 
impact of HbA1c variability on long-term outcomes in patients with 
heart failure and type 2 diabetes mellitus. Cardiovasc Diabetol 2018; 
17: 96.

24. Min JK, Dunning A, Lin FY, Achenbach S, Al-Mallah M, Budoff MJ, et 
al.; CONFIRM Investigators. Age- and sex-related differences in all-
cause mortality risk based on coronary computed tomography an-
giography findings results from the International Multicenter CON-
FIRM (Coronary CT Angiography Evaluation for Clinical Outcomes: 
An International Multicenter Registry) of 23,854 patients without 
known coronary artery disease. J Am Coll Cardiol 2011; 58: 849-60.

25. Hoffmann U, Bamberg F, Chae CU, Nichols JH, Rogers IS, Senevi-
ratne SK, et al. Coronary computed tomography angiography for 
early triage of patients with acute chest pain: the ROMICAT (Rule 
Out Myocardial Infarction using Computer Assisted Tomography) 
trial. J Am Coll Cardiol 2009; 53: 1642-50.

26. Choi EK, Choi SI, Rivera JJ, Nasir K, Chang SA, Chun EJ, et al. Coro-
nary computed tomography angiography as a screening tool for the 

detection of occult coronary artery disease in asymptomatic indi-
viduals. J Am Coll Cardiol. 2008; 52: 357-65.

27. Jespersen L, Hvelplund A, Abildstrøm SZ, Pedersen F, Galatius S, 
Madsen JK, et al. Stable angina pectoris with no obstructive coro-
nary artery disease is associated with increased risks of major ad-
verse cardiovascular events. Eur Heart J 2012; 33: 734-44.

28. Abela GS, Vedre A, Janoudi A, Huang R, Durga S, Tamhane U. Effect 
of statins on cholesterol crystallization and atherosclerotic plaque 
stabilization. Am J Cardiol 2011; 107: 1710-7.

29. Chen H, Ren JY, Xing Y, Zhang WL, Liu X, Wu P, et al. Short-term with-
drawal of simvastatin induces endothelial dysfunction in patients 
with coronary artery disease: a dose-response effect dependent on 
endothelial nitric oxide synthase. Int J Cardiol 2009; 131: 313-20.

30. Grover-Páez F, Zavalza-Gómez AB. Endothelial dysfunction and car-
diovascular risk factors. Diabetes Res Clin Pract 2009; 84: 1-10.

31. Hwang IC, Jeon JY, Kim Y, Kim HM, Yoon YE, Lee SP, et al. Statin 
therapy is associated with lower all-cause mortality in patients with 
non-obstructive coronary artery disease. Atherosclerosis 2015; 239: 
335-42.

32. Daskalopoulou SS, Delaney JA, Filion KB, Brophy JM, Mayo NE, 
Suissa S. Discontinuation of statin therapy following an acute myo-
cardial infarction: a population-based study. Eur Heart J 2008; 29: 
2083-91.


