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Background: Visit-to-visit variability in lipid has been suggested as a predictor of major adverse 
cardiovascular events (MACEs). However, no evidence exists on the prognostic value of lipid variability in 
patients with familial hypercholesterolemia (FH). This prospective cohort study aimed to investigate whether 
lipid variability affects future MACEs in patients with FH receiving standard lipid-lowering therapy.
Methods: A total of 254 patients with FH were consecutively enrolled and followed for MACEs. Variability 
in the triglyceride, total cholesterol, high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein-
cholesterol (LDL-C) and lipoprotein (a) [Lp(a)] were evaluated from 3 months after discharge using the 
standard deviation (SD), coefficient of variation (CV) and variability independent of the mean (VIM).
Results: During a mean follow-up of 49 months, 22 (8.7%) events occurred. Visit-to-visit variability in 
Lp(a) was significantly higher in the MACE group compared to the non-MACE group. In the multivariate 
Cox analysis, only Lp(a)-related parameters were independent predictors for MACEs. The hazard ratios and 
95% confidence intervals of each 1-SD increase of SD, CV, and VIM of Lp(a) were 1.42 (1.12–1.80), 1.50 
(1.11–2.02) and 1.60 (1.16–2.22), respectively. Kaplan-Meier analysis revealed that patients with higher Lp(a) 
variability presented lower event-free survival. The results were consistent in various subgroups. 
Conclusions: Our study firstly suggested that Lp(a) variability was associated with MACEs in real-world 
patients with FH, which emphasized the importance of regular lipid monitoring in the patients with high risk. 
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Introduction

Dyslipidemia has been widely considered as a primary cause 
of coronary artery disease (CAD) and this notion is supported 
by major clinical guidelines (1,2). Elevated plasma low-density 
lipoprotein cholesterol (LDL-C) concentration revealed a 
dose-dependent effect on the development and progression 
of atherosclerotic plaque (3). A number of epidemiologic and 
genetic studies showed a causal relationship between LDL-C 
and major adverse cardiovascular events (MACEs) (4,5). 
Lipoprotein (a) [Lp(a)], a mainly genetically determined 
lipoprotein particle, has recently been regarded as an 
independent risk factor for CAD and future cardiovascular 
outcomes (6). Familial hypercholesterolemia (FH), an 
autosomal dominant disorder, is characterized by life-
long raised LDL-C levels and increased risk of premature 
CAD (7,8). Recent evidences have showed that Lp(a) level 
is significantly higher in the one third of FH patients and 
may play a pivotal role in CAD independent of LDL-C and 
other traditional risk factors (9-11). Our previous studies also 
showed that elevated Lp(a) at baseline and follow-up period 
was significantly associated with MACEs in FH patients (12).

Recently, emerging studies have demonstrated that visit-
to-visit intra-individual variability in various traditional 
risk factors may be potential novel prognostic markers 
for clinical outcomes in addition to mean levels (13). For 
example, increased visit-to-visit variability in blood pressure 
(BP) and lower variability in heart rate were associated 
with various adverse outcomes such as impaired cognition, 
stroke, or all-cause mortality (14,15). Although major 
guidelines for management of dyslipidemia mainly focus on 
underlying the mean lipid concentration, the fluctuation 
in lipid has also attracted increasing concern in recent 
years. Several retrospective studies and post-hoc analysis 
of randomized controlled trials have reported a positive 
association between higher visit-to-visit variability in 
LDL-C and worse cardiovascular outcomes in the general 
population and patients with CAD (16-18). However, 
whether these findings could be extended to a broader 
lipoprotein profile such as Lp(a) has yet to be investigated. 
Moreover, no study has evaluated the role of lipid variability 
as a potential prognostic factor for future MACEs in 
patients with FH.

Therefore, the aim of this prospective study was to 
investigate the prognostic significance of increased visit-to-
visit variabilities in triglyceride (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), LDL-C and 
Lp(a) on MACEs in patients with FH receiving standard 

lipid-lowering therapy. 
We present the study in accordance with the STROBE 

reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-5324).

Methods 

Study design and population

A total of 10,012 consecutive patients with dyslipidemia, 
who were hospitalized in Fuwai Hospital between March 
2011 to November 2018 were enrolled. Among these 
patients, adult FH patients (≥18 years old) were selected 
for the present study. Clinical FH diagnosis was made by 
Dutch Lipid Clinic Network (DLCN) criteria and only 
patients with DLCN scores >6 (definite and probable) were 
included (8). Untreated LDL-C levels were calculated by 
a correction factor depending on the type and potency of 
lipid-lowering drugs if patients received lipid-lowering 
drugs prior to admission (19). Patients were screened for 
genetic mutations in LDL receptor (LDLR), Apolipoprotein 
B (APOB), and proprotein convertase subtilisin/kexin type 
9 (PCSK9) genes as previously reported (7,8). The exclusion 
criteria included the following items: missed detailed 
data, homozygote FH, had a history of heart failure (left 
ventricular ejection fraction <45%), severe liver and/or renal 
insufficiency, thyroid dysfunction, malignant disease, or 
with extreme high plasma TG (≥500 mg/dL). Considering 
PSCK9 inhibitor or lipoprotein apheresis have a drastic 
fluctuation on lipid levels and may exhibit a protective effect 
which might confusing the results, these patients were also 
excluded. All FH patients received standard statin therapy 
which was defined as rosuvastatin dose 20 mg plus ezetimibe 
10 mg per day. 

The study protocol was approved by the ethical review 
board of the Fuwai Hospital & National Center for 
Cardiovascular Diseases, Beijing, China (approval ID: 2013-
442) and conducted in line with the Declaration of Helsinki 
(as revised in 2013). All patients enrolled in the study 
provided written informed consent.

Baseline data collection

Clinical data of each individual, including age, height, 
weight, BP, medical history, and family history were 
collected by experienced physicians and nurses at the time 
of enrollment. Hypertension was diagnosed if systolic BP  
>140 mmHg and/or diastolic BP >90 mmHg on 3 

http://dx.doi.org/10.21037/atm-20-5324
http://dx.doi.org/10.21037/atm-20-5324


Annals of Translational Medicine, Vol 9, No 7 April 2021 Page 3 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(7):556 | http://dx.doi.org/10.21037/atm-20-5324

measurements on different days or using antihypertensive 
drugs. Diabetes was defined as a previous diagnosis of 
diabetes, fasting blood glucose >7.0 mmol/L, the 2-h serum 
glucose of the oral glucose tolerance test ≥11.1 mmol/L,  
glycated hemoglobin (HbA1c) ≥6.5% or treated with 
antidiabetic medication or insulin. Body mass index (BMI) 
was calculated as the weight (in kilograms) divided by the 
height (in meters) squared. 

Blood samples were collected into EDTA-containing 
tubes after at least 12-h fasting in the morning. The 
concentrations of plasma TC, TG, LDL-C, HDL-C, 
apolipoprotein A-I (apoAI) and apoB were measured 
using an automatic biochemistry analyzer (Hitachi 
7150, Japan), while Lp(a) levels were assayed by an 
immunoturbidimetry method [LASAY Lp(a) auto; SHIMA 
laboratories] as previously described (6,12). Plasma high-
sensitivity C reactive protein (hsCRP) levels were assayed 
by immunoturbidimetry (Beckmann Assay360, Bera, 
California). Other related biochemical and hematological 
indicators were measured according to standard tests. The 
intra- and inter-assay coefficients of variation for these 
assays were all <8%.

Variability measurements

Lipid variability was defined as intra-individual variability 
in lipid values between visits and only lipid profile values 
at least three months after discharge were included in 
this study to avoid the acute fluctuation in the peri-event 
period or due to initiation of statins. Various measurements 
of variability were performed: standard deviation (SD), 
coefficient of variation (CV, defined as SD/mean) and 
variability independent of the mean (VIM). VIM was 
calculated as 100 × SD/meanx, with x is the regression 
coefficient based on natural logarithm of SD on natural 
logarithm of mean. Besides, only patients with at least three 
post-baseline lipid measurements were included in the final 
analyses. 

Outcome assessment

Patients were followed up by clinic revisit, E-mail or 
telephone conducted by trained nurses or doctors, who 
were blinded to the information of patients. The composite 
clinical endpoint included the following MACEs: unstable 
angina pectoris (UAP), myocardial infarction (MI), 
ischemic stroke, revascularization, and cardiovascular death  
(Table S1). Coronary revascularization was defined as 

percutaneous coronary intervention (PCI) or coronary 
artery bypass grafting (CABG) after 90 days of admission. 
During the follow-up period, 6 patients were lost to follow-
up. Finally, a total of 254 FH patients were included in the 
current study (Figure S1). 

Statistical analysis

Continuous variables were presented as mean ± SD or 
median (Q1–Q3 quartiles) and categorical variables were 
shown as number (percentage). The differences of clinical 
characteristics among groups were assessed using Student’s 
t-test, Mann-Whitney U-test, chi-square test, Fisher’s 
test, and ANOVA analysis as appropriate. Correlations of 
lipid parameters were evaluated by Pearson correlation 
analyses. The Cox proportional hazards regression model 
was performed to estimate the association between 
lipid variability and MACEs with hazard ratios (HRs) 
and 95% confidence intervals (CIs). The proportional 
hazards assumption was examined by Schoenfeld residuals 
test. Three different models were used to calculate 
each 1-SD increase in lipid variability: model 1 was the 
unadjusted model; model 2 was adjusted for age, sex, BMI, 
hypertension, diabetes, smoking, previous CAD, HbA1c, 
hsCRP and medications; and model 3 was additionally 
adjusted for mean visit-to-visit lipid values. The Kaplan-
Meier method was applied to describe the MACEs. 
Subgroup analyses were performed by the stratification of 
age, sex, BMI, and the presence of hypertension or smoking. 
Age- and sex-adjusted restricted cubic spline (RCS) was 
used to assess the relationship between lipid variability with 
MACEs. All statistical analyses were performed with Stata 
version 14.0 (Stata Corp, Texas, USA). A P value <0.05 was 
considered statistically significant.

Results

Baseline characteristics

The baseline demographic and clinical characteristics of 
patients with FH are presented in Table 1 and Table S2. 
The mean age of participants was 47.91±12.63 years old, in 
which 63.8% were male. Patients enrolled in the present 
study were divided into two groups: event group (n=22) 
and non-event group (n=232). Compared to those without 
MACEs, patients in event group had significantly higher 
concentrations of Lp(a) [38.10 (27.58–51.90) vs. 27.80 
(13.06–51.94), P=0.040] and hs-CRP [2.17 (1.36–5.90) vs. 
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Table 1 Baseline characteristics of study subjects according to MACEs 

Variables Overall (N=254) Non-MACE (N=232) MACE (N=22) P value

Clinical factors

Age, years 47.91±12.63 47.77±12.47 49.32±14.46 0.583

Male, n (%) 162 (63.8) 146 (62.9) 16 (72.7) 0.361

BMI, kg/m2 25.01±3.63 24.90±3.62 26.27±3.65 0.125

Family history of CAD, n (%) 106 (41.7) 98 (42.2) 8 (36.4) 0.593

Currently smoking, n (%) 98 (38.6) 91 (39.2) 7 (31.8) 0.495

Alcohol drinker, n (%) 54 (21.3) 51 (22) 3 (13.6) 0.622

Hypertension, n (%) 105 (41.3) 95 (40.9) 10 (45.5) 0.682

Diabetes, n (%) 40 (15.7) 37 (15.9) 3 (13.6) 0.776

Prior CAD, n (%) 203 (79.9) 183 (78.9) 20 (90.9) 0.178

Laboratory factors

TG, mmol/L 1.54 (1.13–2.01) 1.54 (1.12–2.04) 1.49 (1.13–2.01) 0.466

TC, mmol/L 8.46±2.78 8.43±2.72 8.78±3.42 0.599

HDL-C, mmol/L 1.09±0.32 1.10±0.33 1.05±0.26 0.512

LDL-C, mmol/L 6.68±1.81 6.65±1.69 7.15±2.80 0.464

ApoA1, g/L 1.29±0.37 1.29±0.37 1.22±0.39 0.413

ApoB, g/L 1.48±0.56 1.48±0.56 1.47±0.52 0.944

Lp(a), mg/dL 29.21 (14.34–51.90) 27.80 (13.06–51.94) 38.10 (27.58–51.90) 0.038

FFA, mmol/L 0.43 (0.31–0.56) 0.43 (0.31–0.57) 0.43 (0.32–0.53) 0.544

Hs-CRP, mg/L 1.52 (0.76–3.30) 1.44 (0.74–3.25) 2.17 (1.36–5.90) 0.038

Glucose, mmol/L 5.29±1.78 5.31±1.74 5.04±2.18 0.484

HbA1C, % 5.80±1.55 5.86±1.46 5.20±2.36 0.233

WBC, ng/mL 6.06±2.08 6.09±2.08 5.67±2.14 0.384

LYM, ng/mL 1.96±0.78 1.99±0.79 1.63±0.65 0.039

Fibrinogen, g/L 3.13±0.97 3.14±0.94 3.05±1.27 0.691

D-dimer, mg/L 0.30 (0.22–0.40) 0.30 (0.22–0.40) 0.32 (0.17–0.39) 0.704

Medications

Baseline statin use, n (%) 201 (79.1) 183 (78.9) 18 (81.8) 0.746

Follow-up Statin, n (%) 246 (94.5) 220 (94.8) 20 (90.9) 0.323

Data are presented as mean ± SD, median (interquartile range) and number (%). MACE, major adverse cardiac event; BMI, body mass 
index; CAD, coronary artery disease; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; Lp(a), lipoprotein(a); hs-CRP, high sensitivity C-reactive 
protein; FFA: free fatty acid; HbA1c, glycosylated hemoglobin; WBC, white blood cell; LYM, lymphocyte.

1.44 (0.74–3.25), P=0.038]. The mean concentration of 
LDL-C tended to be higher in the event group, but the 
difference was not significant. No difference was found 

with regard to the baseline TC, TC and HDL-C levels or 
the proportion of hypertension, diabetes and prior CAD 
between FH patients with and without MACEs.
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Table 2 Lipid profile variability measurements according to MACEs

Variables MACE (N=22) Non-MACE (N=232) P value

TG

Mean follow-up levels (mmol/L) 2.00±1.84 1.67±1.05 0.237

SD 0.45±0.67 0.35±0.41 0.338

CV 0.21±0.09 0.20±0.16 0.842

VIM 19.43±8.70 18.75±14.65 0.845

TC

Mean follow-up levels (mmol/L) 6.18±3.26 5.89±1.96 0.560

SD 1.26±0.88 1.12±0.91 0.542

CV 0.22±0.14 0.20±0.15 0.434

VIM 46.38±29.74 41.04±30.84 0.478

HDL-C

Mean follow-up levels (mmol/L) 0.91±0.19 1.06±0.35 0.064

SD 0.16±0.09 0.15±0.22 0.919

CV 0.18±0.12 0.15±0.13 0.244

VIM 15.77±9.20 14.76±19.74 0.830

LDL-C

Mean follow-up levels (mmol/L) 4.36±2.90 4.16±1.71 0.661

SD 1.04±0.70 1.03±0.78 0.976

CV 0.29±0.20 0.26±0.18 0.574

VIM 49.28±32.64 46.87±31.91 0.758

Lp(a)

Mean follow-up levels (mg/dL) 41.54±37.18 35.50±32.17 0.297

SD 12.43±20.95 7.32±9.94 0.026

CV 0.27±0.21 0.18±0.19 0.015

VIM 74.81±66.66 49.55±46.4 0.036

Data are presented as mean ± SD. MACE, major adverse cardiac event; TG, triglyceride; TC, total cholesterol; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); SD, standard deviation; CV, coefficient of 
variances; VIM, variability independent of mean.

Visit-to-visit lipid variability

Correlations between plasma visit-to-visit lipid variabilities 
are shown in Table S3. The SD of LDL-C was positively 
correlated with CV and VIM of LDL-C (r=0.822 and 0.916, 
P<0.001 for both). The SD of Lp(a) was also found to be 
correlated with CV and VIM of Lp(a) (r=0.784 and 0.832, 
P<0.001 for both). Part of variability parameters between 
LDL-C and Lp(a) were significantly but weekly correlated 
with each other. For instance, the VIM of Lp(a) was weekly 

correlated with the CV and VIM of LDL-C (r=0.155, 
P=0.014; r=0.143, P=0.023) but not with the SD of LDL-C 
(r=0.111, P=0.078). 

Table 2 shows the mean levels and variability parameters 
of lipids during follow-up. FH patients who developed 
MACEs had a non-statistical higher level of mean follow-
up Lp(a). However, patients with MACEs had significantly 
higher SD of Lp(a) (12.43±20.95 vs. 7.32±9.94, P=0.026). 
The CV and VIM of Lp(a) were also significantly higher in 
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Figure 1 Risk of MACEs in unadjusted and adjusted Cox regression models for 1 standard deviation of lipid profile variability 
measurements. Hazard ratio of each 1- standard deviation increase in variability. Model 1 adjusted for age, sex, body mass index, 
hypertension, diabetes, smoking, previous CAD, HbA1c, hs-CRP, and medications. Model 2 adjusted for model 1 plus mean TG, mean TC, 
mean LDL-C, mean HDL-C or mean Lp(a) level. MACE, major adverse cardiac event; TG, triglyceride; TC, total cholesterol; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); CV, coefficient of variances; VIM, 
variability independent of mean.

patients with MACEs compared to those without MACEs. 
Regarding the variability parameters of TG, TC, HDL-C 
and LDL-C, no significant differences were observed 
between the two groups (all P>0.05).

Visit-to visit lipid variability and the risk of MACEs

Over a mean follow-up period of 49.06 (25.34–68.48) 
months, 22 (8.7%) events were recorded, representing 21.2 
(13.8–32.1) events per 1,000 person-years. These events 
included 2 MI, 2 stroke, 10 coronary revascularization, 3 
UAP and 5 cardiac death. As shown in Figure 1, univariate 
Cox proportional hazard regression analysis showed 
that every 1-SD increase in VIM of Lp(a) was positively 
associated with MACEs (HR: 1.57, 95% CI: 1.18–2.09, 

P=0.002). After adjustment for potential confounding 
factors, a 1-SD increment in VIM of Lp(a) increased the 
risk of MACEs by 59% (HR: 1.59, 95% CI: 1.15–2.18, 
P=0.005). The association was persisted after additional 
adjustment for mean follow-up Lp(a) levels (HR: 1.60; 
95% CI: 1.16–2.22; P=0.005). Similar relationships were 
observed between SD and CV of Lp(a) and the risk of 
MACEs. The Schoenfeld residual test revealed that the 
proportional hazards assumption was not violated with 
respect to SD of Lp(a) (P=0.980), CV of Lp(a) (P=0.693), 
and VIM of Lp(a) (P=0.833). There was a trend towards a 
higher risk of MACEs by variability in TG, TC, HDL-C 
and LDL-C, but these did not reach statistical significance 
in both univariate and multivariate Cox regression analysis 
(all P>0.05). 
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The Kaplan-Meier curves for the occurrence of MACEs 
between different Lp(a) variability levels are presented in 
Figure 2. The patients in tertiles 3 of Lp(a)-SD [high Lp(a) 
variability] had a worse event-free survival than those in 
tertile 1 [low Lp(a) variability]. The highest tertiles in CV 
and VIM of Lp(a) also showed a higher risk for MACEs 
compared to the lowest tertiles. RCS showed an increasing 
nonlinear trend in Lp(a) variability parameters with MACEs. 

We also performed subgroup analyses stratified 
by baseline demographics and clinical characteristics  
(Tables S4-S7). The associations of Lp(a) variability 
parameters and MACEs were consistent across subgroups 
defined by age, sex, BMI, hypertension, and diabetes 
(all P<0.05). The trend for associations between VIM of 
LDL-C and MACEs were only observed in patients older 
than 50 years (P<0.05), without obesity and never smoking 
(all P<0.05). Besides, the SD of LDL-C was positively 
associated with MACEs in patients without obesity and 
never smoking (all P<0.05).

Discussion

The clinical characteristics were quite heterogeneous 
among patients with FH, making it a pivotal issue to 
explore the potential prognostic predicator for further 
prevention and treatment (20). A growing body of evidence 
showed that intra-individual variability in biological 
indicators may be of importance to cardiovascular risk 
assessment (16,17). Considering the need of extending the 
lipoprotein profile variability and no study has assessed the 
prognostic role of visit-to-visit lipid variability in patients 
with FH, we investigated the association between lipid 
variability and MACEs in FH patients with standard lipid-
lowering therapy. The results indicated that visit-to-visit 
Lp(a) variability was a powerful and independent predictor 
of cardiovascular outcomes and each 1-SD increment in 
Lp(a) variability increased the risk of MACEs by 42%, 
50%, and 60% when measured by SD, CV, and VIM, 
respectively. These associations remained significant even 
after adjustment for possible confounding factors including 
the mean follow-up Lp(a) level, and was consistent across 
all subgroups. of interest, the variability of LDL-C was 
not associated with a higher risk of cardiovascular events. 
To the best of our knowledge, in patients with FH, this is 
the first study of the association between visit-to-visit lipid 
variability and MACEs and this finding added the novel 
information of the prognostic value of lipid variability and 
given new insight into serial monitoring of lipid in patients 

with FH.
Recently, variability in some biological parameters has 

been recognized as novel independent risk factors for 
cardiovascular outcomes (21,22). Visit-to-visit BP variability 
is one of the mostly studied biological markers that each 
5-mmHg increase in SD of systolic BP increased the risk of 
cardiac mortality by 22% (21). As with BP systems, serum 
lipid levels also reflect a dynamic and homeostatic balance 
of synthesis and lipid clearance (23). Kim et al. (16) enrolled 
three million Korean general population and showed that 
the higher TC variability independently predicted adverse 
health-related outcomes. In a post-hoc analysis of the 
TNT trial including 9,572 patients with known CAD, 
each SD increase of visit-to-visit LDL-C was associated 
with 10–20% increased risk for MACEs after adjusted for 
trial medications and achieved LDL-C levels (17). Another 
study demonstrated that both elevated LDL-C and HDL-C 
variability were associated with the incidence of 5-year 
MACEs in 130 patients with ST-segment elevation MI (24). 
However, the relationship between variability in Lp(a) and 
the risk of MACEs has yet to be investigated. 

FH patients are characterized by lifetime elevated plasma 
LDL-C levels and higher risk for cardiovascular morbidity 
and mortality, highlighting the clinical importance of 
preventive strategies in this population (8). Although 
several baseline biochemical indexes were investigated as 
determinants of MACEs, there was no study evaluating 
the prognostic role of lipid variability in patients with FH. 
In the present study, we found that all Lp(a) variability 
measurements (SD, CV, and VIM) were associated with 
increased risk for MACEs after adjusting for the possible 
confounding factors. This might be an interesting finding 
since emerging data have shown that the high inherit 
elevated plasma Lp(a) concentration was found in the one 
third of FH patients and was considered as a possible cause 
of clinical FH (10,12,25). Considering that neither statin 
nor ezetimibe lowers Lp(a), FH patients with high Lp(a) 
levels remain at increased residual risk (10). Our study 
may extend this notion that visit-to-visit Lp(a) variability 
was also a prognostic factor for MACEs, suggesting that 
all individuals with FH should have their Lp(a) measured 
regularly in order to identify those with higher risk of 
adverse events.

Another interesting result of the present study was that 
variability in LDL-C showed a positive but non-statistically 
significant association with MACEs. In subgroup analysis, 
LDL-C variability could predict future MACEs in older FH 
patients or patients without obesity or smoking. The limited 

https://cdn.amegroups.cn/static/public/ATM-20-5324-Supplementary.pdf
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Figure 2 Kaplan-Meier cumulative incidence of MACEs according to Lp(a) variability (A,C,E). Adjusted restricted cubic spline plot of the 
hazard ratio of MACEs against Lp(a) variability (B,D,F). Lp(a), lipoprotein(a); MACE, major adverse cardiovascular events. The solid line 
represents hazard ratio and the dashed lines represent the 95% confidence intervals. SD, standard deviation; CV, coefficient of variances; 
VIM, variability independent of mean.
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statistical power might attribute to the limited sample size 
and the heterogeneous characteristics of FH patients (8). 
Another possible reason was that the treatment adherence 
of FH patients was relatively higher than previous studies 
which might lead to less LDL-C variability (17,18). Besides, 
the LDL-C levels were significantly higher in FH patients 
than general population in previous studies (17,18). Anyway, 
the finding of the present study showed that monitoring 
Lp(a) might be more effective to stratify cardiovascular risk 
in FH patients than LDL-C levels alone during follow-
up period. Nevertheless, studies about the association 
of LDL-C variability and clinical outcomes are of great 
importance to understand the mechanistic links between 
lipids and CAD, and thus lead to more efficacious therapy. 
For FH patients who receive PCSK9 inhibitors, evaluating 
lipid variability is a vital issue because some studies reported 
that LDL-C variability of every 4-week dosing was higher 
compared with every 2-week dosing PCSK9 inhibitors (26). 
More studies are warranted to clarify the prognostic role of 
LDL-C variability in patients with FH. 

The exact mechanism responsible for the association 
between lipid variability, especially Lp(a), and MACEs has 
not been fully clarified. However, several hypotheses have 
been proposed. First, plasma LDL particles could penetrate 
the endothelium of arterial walls and cause inflammation 
as well as endothelial injury (27). Previous studies have 
showed that higher lipid variability was positively associated 
with endothelial dysfunction (28). Second, the increase 
in the lipid variability might induce a repeated process 
of dissolution and crystallization of the cholesterol 
within coronary plaques (29,30). The fluctuations in the 
composition of atherosclerotic plaques could impair the 
plaque stability, thereby leading to plaque rupture and 
causing cardiovascular events (18). Another possibility is 
that higher lipid variability may be an epiphenomenon 
linking to other systemic conditions which could worsen 
clinical outcome, such as body weight and diabetes (13). It 
was reported that a higher LDL-C variability was associated 
with higher fluctuation of body weight that could increase 
cardiovascular or mortality risk (17,22). Furthermore, 
genetic factors related to lipid metabolism may also 
contribute to lipid variability. Recent studies have reported 
that apolipoprotein E genetic polymorphisms may account 
for the variability in LDL-C (31,32). Finally, considering 
the close association between plasma lipid concentration 
and lipid-lowering agents, some studies suggested that poor 
adherence to medications could link lipid variability with 
increased risk of clinical outcomes (13,18). However, in 

our study most patients still used statins during follow-up. 
Besides, in accordance with previous studies, the association 
between variability and MACEs remained significant even 
after adjusting for mean lipid levels and statin use (16,17). 
Thus, based on the emerging notion that fluctuating lipid 
may be more insidious than stable cholesterol, regular 
monitoring could be of great importance in clinical practice 
for patients with FH (13). 

Although this was the first study assessing the relation 
between visit-to-visit variability of lipid and MACEs in FH 
patients, several limitations also should be acknowledged. 
The major limitation is that sample size of this study is 
relatively small. Therefore, we could not perform subgroup 
analyses for each MACE event. Secondly, the follow-up 
lipid measurement schedule was not standardized and based 
on the discretion of physicians as most previous studies 
(23,24). Moreover, the total numbers of measurement were 
different between patients. To minimize the effect of this 
limitation, we only included patients with more than three 
lipid measurements. Lastly, many medications could affect 
lipids variability. For example, intermittent use of steroids 
which can increase cholesterol without increasing MACE 
risk. Unfortunately, we did not have information of using 
other medication except lipid-lowering drugs. Additional 
larger and longitudinal studies with more measurements are 
warranted to confirm our findings. 

Conclusions

In conclusion, we showed for the first time that in FH 
patients receiving standard lipid-lowering therapy, 
higher visit-to-visit Lp(a) variability was significantly and 
independently associated with increased risk for MACEs. 
Thus, the current study added novel information regarding 
the prognostic importance of lipid variability as a CAD 
risk factor. Future studies are needed to corroborate 
these findings and to identify the mechanisms promoting 
lipoprotein variability, including its therapeutic implications.
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Figure S1. The flowchart of this study. 
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Figure S1 The flowchart of this study.

Table S1 International classification of diseases codes for MACE

Diagnosis/procedure ICD-9-CM codes/ ICD-10 
codes

Myocardial infarction I21

Angina pectoris I20

Cardiovascular death death due to I00-I10, I11, I13, 
I20-I51

Ischemic stroke I63, I64

Percutaneous coronary 
intervention

ICD-9-CM 36.06/36.07

Coronary artery bypass grafting ICD-9-CM 36.1-36.19
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Table S2 Correlations between lipid variability parameters

r
P

TG TC HDL-C LDL-C Lp(a)

SD CV VIM SD CV VIM SD CV VIM SD CV VIM SD CV VIM

TG SD 0.755 0.696 0.223 0.210 0.220 0.069 0.070 0.074 0.084 0.130 0.118 0.022 0.062 0.039

CV <0.001 0.995 0.255 0.309 0.295 0.118 0.149 0.127 0.161 0.212 0.201 0.078 0.100 0.084

VIM <0.001 <0.001 0.260 0.317 0.302 0.119 0.153 0.128 0.172 0.221 0.211 0.086 0.104 0.090

TC SD <0.001 <0.001 <0.001 0.888 0.960 0.091 0.302 0.110 0.908 0.754 0.857 0.101 0.111 0.121

CV <0.001 <0.001 <0.001 <0.001 0.981 0.119 0.320 0.140 0.803 0.887 0.896 0.112 0.178 0.151

VIM <0.001 <0.001 <0.001 <0.001 <0.001 0.110 0.320 0.131 0.871 0.858 0.907 0.112 0.156 0.142

HDL-C SD 0.271 0.061 0.058 0.149 0.057 0.081 0.738 0.998 0.067 0.104 0.091 0.028 0.033 0.036

CV 0.267 0.017 0.014 <0.001 <0.001 <0.001 <0.001 0.776 0.250 0.240 0.254 0.066 0.068 0.084

VIM 0.238 0.043 0.041 0.080 0.025 0.037 <0.001 <0.001 0.083 0.120 0.108 0.034 0.038 0.043

LDL-C SD 0.181 0.010 0.006 <0.001 <0.001 <0.001 0.288 <0.001 0.187 0.822 0.916 0.094 0.095 0.111

CV 0.039 <0.001 <0.001 <0.001 <0.001 <0.001 0.099 <0.001 0.057 <0.001 0.968 0.110 0.196 0.155

VIM 0.060 <0.001 <0.001 <0.001 <0.001 <0.001 0.147 <0.001 0.086 <0.001 <0.001 0.111 0.162 0.143

Lp(a) SD 0.732 0.215 0.174 0.108 0.076 0.075 0.653 0.298 0.592 0.134 0.081 0.078 0.784 0.832

CV 0.323 0.112 0.099 0.077 <0.001 0.013 0.606 0.279 0.552 0.133 <0.001 0.010 <0.001 0.926

VIM 0.535 0.182 0.152 0.055 0.016 0.024 0.565 0.183 0.499 0.078 0.014 0.023 <0.001 <0.001

Table S3 Hazard ratio of TG variability for MACE by subgroup

Variables
SD of TG CV of TG VIM of TG

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

Male 1.08 (0.59–2.00) 0.800 0.96 (0.57–1.60) 0.862 1.06 (0.69–1.63) 0.802

Female 0.94 (0.23–3.89) 0.934 0.95 (0.4–2.26) 0.902 0.97 (0.61–1.54) 0.908

Age <50 years 0.65 (0.15–2.83) 0.568 0.88 (0.42–1.85) 0.740 0.91 (0.45–1.83) 0.787

Age ≥50 years 1.33 (0.77–2.30) 0.302 1.05 (0.61–1.81) 0.860 1.04 (0.60–1.78) 0.898

BMI <25 0.77 (0.27–2.18) 0.625 1.01 (0.55–1.86) 0.985 1.04 (0.58–1.87) 0.887

BMI ≥25 1.56 (0.72–3.41) 0.263 0.98 (0.49–1.96) 0.945 0.96 (0.48–1.92) 0.905

Hypertension (+) 1.15 (0.59–2.24) 0.680 1.13 (0.57–2.22) 0.727 1.13 (0.57–2.26) 0.721

Hypertension (–) 1.23 (0.32–4.76) 0.760 1.00 (0.50–2.00) 0.988 0.99 (0.52–1.90) 0.987

Smoking (+) 0.71 (0.16–3.13) 0.649 0.73 (0.30–1.80) 0.490 0.72 (0.30–1.73) 0.461

Smoking (–) 1.34 (0.77–2.33) 0.303 1.15 (0.69–1.92) 0.591 1.15 (0.70–1.89) 0.580
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Table S4 Hazard ratio of TC variability for MACE by subgroup

Variables
SD of TC CV of TC VIM of TC

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

Male 1.18 (0.74–1.89) 0.479 1.25 (0.79–1.97) 0.345 1.22 (0.77–1.92) 0.401

Female 2.35 (0.94–5.86) 0.066 2.28 (1.00–5.19) 0.050 2.27 (0.99–5.21) 0.053

Age <50 years 1.07 (0.82–1.39) 0.609 1.05 (0.80–1.37) 0.736 1.05 (0.81–1.36) 0.729

Age ≥50 years 2.01 (1.18–3.45) 0.011 1.72 (1.04–2.84) 0.034 1.81 (1.10–2.97) 0.020

BMI <25 1.23 (0.58–2.6) 0.586 1.19 (0.63–2.26) 0.600 1.19 (0.61–2.34) 0.607

BMI ≥25 1.35 (0.81–2.24) 0.252 1.44 (0.88–2.36) 0.146 1.40 (0.86–2.27) 0.176

Hypertension (+) 2.16 (1.13–4.14) 0.020 1.87 (1.06–3.30) 0.030 1.99 (1.11–3.58) 0.022

Hypertension (–) 1.03 (0.97–1.09) 0.372 1.12 (0.58–2.19) 0.734 1.03 (0.53–2.01) 0.935

Smoking (+) 1.00 (0.46–2.18) 0.997 1.07 (0.61–1.88) 0.820 1.08 (0.61–1.89) 0.798

Smoking (–) 1.46 (0.86–2.47) 0.164 1.74 (1.08–2.82) 0.024 1.60 (0.98–2.60) 0.060

Table S5 Hazard ratio of HDL-C variability for MACE by subgroup

Variables
SD of HDL–C CV of HDL–C VIM of HDL–C

HR (95% CI) p HR (95% CI) p HR (95% CI) p

Male 1.67 (0.72–3.86) 0.235 1.35 (0.83–2.19) 0.229 1.62 (0.75–3.50) 0.218

Female 2.65 (1.03–4.82) 0.046 2.42 (1.04–4.20) 0.043 2.72 (1.07–6.92) 0.036

Age <50 years 1.28 (0.49–3.39) 0.616 1.46 (0.81–2.63) 0.208 1.33 (0.54–3.23) 0.536

Age ≥50 years 1.05 (0.80–1.36) 0.747 1.22 (0.89–1.67) 0.225 1.04 (0.80–1.36) 0.762

BMI <25 1.20 (0.30–4.74) 0.798 1.00 (0.46–2.16) 0.989 1.17 (0.34–4.10) 0.803

BMI ≥25 1.73 (1.03–2.92) 0.040 1.75 (1.12–2.74) 0.014 1.76 (1.06–2.93) 0.030

Hypertension (+) 1.88 (0.94–3.76) 0.074 1.84 (0.97–3.47) 0.062 1.89 (0.96–3.73) 0.066

Hypertension (–) 1.95 (0.87–4.36) 0.104 1.43 (0.76–2.68) 0.268 1.92 (0.89–4.13) 0.097

Smoking (+) 1.32 (0.33–5.29) 0.698 1.09 (0.48–2.48) 0.838 1.29 (0.36–4.59) 0.696

Smoking (–) 1.35 (0.91–2.01) 0.139 1.33 (0.92–1.92) 0.129 1.37 (0.93–2.02) 0.111



© Annals of Translational Medicine. All rights reserved. http://dx.doi.org/10.21037/atm-20-5324

Table S6 Hazard ratio of LDL-C variability for MACE by subgroup

Variables
SD of LDL–C CV of LDL–C VIM of LDL–C

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

Male 1.03 (0.61–1.75) 0.911 1.20 (0.74–1.96) 0.454 1.12 (0.69–1.82) 0.654

Female 1.98 (0.78–5.02) 0.152 1.85 (0.83–4.11) 0.133 1.90 (0.84–4.32) 0.126

Age <50 years 1.05 (0.77–1.42) 0.764 1.01 (0.60–1.70) 0.978 1.01 (0.81–1.26) 0.951

Age ≥50 years 2.26 (1.13–4.52) 0.021 1.67 (0.97–2.87) 0.064 1.92 (1.03–3.58) 0.039

BMI <25 1.21 (0.56–2.58) 0.631 1.40 (1.04–1.90) 0.029 1.37 (1.02–1.85) 0.037

BMI ≥25 1.39 (0.76–2.56) 0.290 1.39 (0.82–2.34) 0.218 1.39 (0.81–2.38) 0.237

Hypertension (+) 1.55 (0.85–2.84) 0.152 1.48 (0.88–2.51) 0.140 1.51 (0.89–2.56) 0.130

Hypertension (–) 0.95 (0.48–1.91) 0.890 1.17 (0.60–2.28) 0.657 1.03 (0.53–2.00) 0.921

Smoking (+) 1.20 (0.58–2.51) 0.624 1.06 (0.51–2.18) 0.881 1.12 (0.55–2.29) 0.758

Smoking (–) 1.47 (0.89–2.44) 0.136 1.75 (1.11–2.77) 0.017 1.92 (1.03–3.58) 0.039

Table S7 Hazard ratio of Lp(a) variability for MACE by subgroup

Variables
SD of Lp(a) CV of Lp(a) VIM of Lp(a)

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

Male 1.35 (1.02–1.78) 0.038 1.48 (1.06–2.07) 0.020 1.51 (1.12–2.05) 0.007

Female 1.29 (1.01–1.65) 0.043 1.12 (1.01–1.84) 0.025 1.47 (1.03–2.36) 0.044

Age <50 years 1.29 (1.04–2.05) 0.036 1.22 (1.02–1.98) 0.042 1.40 (1.05–2.33) 0.037

Age ≥50 years 1.51 (1.10–2.07) 0.012 1.90 (1.06–3.27) 0.001 1.85 (1.24–2.76) 0.003

BMI <25 1.10 (1.02–1.95) 0.042 1.26 (1.04–2.12) 0.034 1.26 (1.04–2.16) 0.039

BMI ≥25 1.57 (1.12–2.20) 0.009 1.69 (1.05–2.72) 0.030 1.90 (1.25–2.87) 0.002

Hypertension (+) 1.18 (0.42–3.32) 0.750 1.16 (1.04–1.98) 0.032 1.19 (1.05–2.18) 0.038

Hypertension (–) 1.36 (0.98–1.88) 0.069 1.82 (1.15–2.89) 0.011 1.65 (1.12–2.42) 0.011

Smoking (+) 1.45 (1.06–2.00) 0.022 1.59 (1.01–2.50) 0.046 1.61 (1.09–2.40) 0.018

Smoking (–) 1.34 (1.06–2.73) 0.042 1.56 (1.01–2.44) 0.045 1.63 (1.03–2.56) 0.036
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