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Abstract
Introduction Previous report showed that more intensive lipid-lowering therapy was associated with less mortality when
baseline LDL-C levels were > 100 mg/dL. Non-HDL-C is a better predictor of cardiovascular risk than simpler LDL-C.
Aim The objective of this meta-analysis was to define the impact of lipid-lowering therapy on the reduction of total and
cardiovascular mortality by different baseline levels of non-HDL-C.
Methods We performed a meta-analysis including randomized, controlled clinical trials of lipid-lowering therapy, reporting
mortality with a minimum of 6 months of follow-up, searching in PubMed/Medline, EMBASE and Cochrane Clinical Trials
databases. The random-effects model and meta-regression were performed.
Results Twenty nine trials of lipid-lowering drugs, including 233,027 patients, were considered eligible for the analyses.
According to the baseline non-HDL-C level, the results on cardiovascular mortality were: (1) ≥ 190 mg/dL: OR 0.63 (95%
CI 0.53–0.76); (2) 160–189 mg/dL: OR 0.82 (95% CI 0.75–0.89); (3) 130–159 mg/dL: OR 0.71 (95% CI 0.52–0.98); (4)
< 130 mg/dL: OR 0.95 (95% CI 0.87–1.05). When evaluating mortality from any cause, the results were the following: (1)
≥ 190 mg/dL: OR 0.70 (95% CI 0.61–0.82); (2) 160–189 mg/dL: OR 0.91 (95% CI 0.83–0.98); (3) 130–159 mg/dL; OR
0.88 (95% CI 0.77–1.00); (4) < 130 mg/dL: OR 0.98 (95% CI 0.91–1.06). The meta-regression analysis showed a significant
association between baseline non-HDL-C and mortality.
Conclusions In these meta-analyses, lipid-lowering therapy was associated with reduction in the risk of all-cause and cardiovascular mortality when baseline non-HDL-C levels were above than 130 mg/dL.
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Cardiovascular disease is the principle cause of morbidity
and mortality. Lipoproteins, particularly low density lipoprotein (LDL) and other apolipoprotein B-containing lipoproteins including very low density lipoprotein (VLDL),
intermediate density lipoprotein (IDL) and lipoprotein (a)
play a fundamental role in the initiation and evolution of
atherosclerosis [1, 2].
Clinical trials using lipid-lowering drugs have unequivocally shown that lowering LDL-cholesterol (LDL-C) results
in significant reductions in both morbidity and mortality in
patients with or without established coronary heart disease
[3–6]. Recently, studies using aggressive plasma LDL-C
reduction as secondary prevention have demonstrated
increased survival rates [7, 8]. Consequently, LDL-C is a
well-established risk factor for cardiovascular disease, being
Vol.:(0123456789)
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the primary therapeutic target in both primary and secondary
prevention according to dyslipidaemia guidelines [9–11].
However, despite reductions in LDL-C with maximally
tolerated statins and newer lipid-lowering agents, many
people still experience cardiovascular events, which may,
in part, relate to triglyceride or the cholesterol content within
triglyceride-rich lipoproteins (cardiovascular residual risk)
[12, 13].
The non-high density lipoprotein-cholesterol (non-HDLC) comprises cholesterol carried by all potentially atherogenic particles [14]. Non-HDL-C is simpler, more convenient and more predictive than LDL-C, but this is less widely
recognized and hence less frequently used. In some guidelines, non-HDL-C has been designated as secondary treatment targets, which if increased, might lead to intensification
of lipid-lowering therapy. In this context, the non-HDL-C
targets were 30 mg/dL higher than the recommended LDL-C
goals.
A recent meta-analyses showed that more intensive compared with less intensive LDL-C lowering was associated
with a greater reduction in risk of total and cardiovascular
mortality in trials of patients with higher baseline LDL-C
levels [15]. This association was not present when baseline
LDL-C level was less than 100 mg/dL, suggesting that the
greatest benefit from LDL-C–lowering therapy may occur
for patients with higher baseline LDL-C levels.
Understanding differences in treatment effects across
different basal lipid levels could have an important effect
on guideline recommendations, cost-effectiveness analyses
and health policy decisions.
Therefore, the objective of this meta-analysis was to
define if the baseline level of non-HDL-C determines a different impact on the reduction of total and cardiovascular
mortality by indicating a more aggressive lipid-lowering
therapy.

2 Methods
Data extraction and quality assessment: Our meta-analysis
was performed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for reporting systematic reviews [16]. A literature search was performed that identified clinical trials
of lipid-lowering drugs that are recommended by the current cholesterol guidelines based on the results of clinical
trials that showed efficacy in the reduction of cardiovascular events, and published between January 1980 and
December 2018 in English. Two independent reviewers
searched the electronic PubMed/MEDLINE, Embase and
Cochrane Controlled Trials databases using the following terms: ‘statins’; ‘lipid-lowering drugs’; ‘simvastatin’;
‘atorvastatin’; ‘rosuvastatin’; ‘pravastatin’; ‘pitavastatin’;

‘fluvastatin’; ‘lovastatin’; ‘ezetimibe’; ‘PCSK9 inhibitors’.
Eligible studies were randomized controlled trials including at least 1000 patients and reporting data from all-cause
mortality and cardiovascular mortality with a minimum
follow-up of 6 months. Trials performed in populations
with heart failure or end-stage renal disease requiring
hemodialysis were excluded. The following variables were
also collected from the retrieved articles: description of
treatment and control arms; baseline and on-treatment
plasma levels of non-HDL-C; and total and cardiovascular mortality. More intensive therapy was defined as the
more potent pharmacologic strategy, while less intensive
therapy corresponded to the control group of the original
trial.
The Jadad scale was used to assess the quality of the trial
designs. Studies were scored (ranging from 0 to 5 points)
according to the presence of three key methodological features: randomization; blinding; and withdrawal/dropout
rates. Studies with a Jadad score > 2 points were considered
high quality, while those scoring < 2 points were deemed
poor quality.
Meta-analysis and meta-regression analyses: The summary effect of lipid-lowering drugs on the endpoint of total
and cardiovascular mortality was estimated. Exploratory
meta-regression analyses were performed to examine the
potential associations between baseline non-HDL-C levels
and the effect sizes of lipid-lowering drugs on mortality.
Statistical analysis: Measures of effect size were
expressed as odds ratios (ORs), and the I2 statistic was calculated to quantify between-trial heterogeneity and inconsistency. Because studies differ in their lipid-modifying regimens and effect sizes, a random-effects model was chosen.
However, to assess the relationship between differences in
basal non-HDL-C levels and variations in natural log-transformed ORs of mortality, a random-effects meta-regression
model was performed. Stratified analyses were prespecified
for commonly used clinical cut-points of mean baseline
non-HDL-C (< 130 mg/dL, 130–159 mg/dL, 160–189 mg/
dL, and ≥ 190 mg/dL). To compare mean effects between
subgroups, a Z test was used. Statistical analyses were performed using the R software for statistical computing version 3.5.1 with additional specific packages [17, 18]. The
level of statistical significance was set at a two-tailed alpha
of 0.05.
Sensitivity analyses: The sensitivity analysis consists of
replicating the results of the meta-analysis, excluding in each
step one of the studies included in the review. If the results
obtained are similar, both in direction and magnitude of the
effect and statistical significance, it indicates that the analysis is robust.
Analysis of publication bias: A funnel plot using the
standard error (SE) for log OR was created, and Begg and
Mazumdar rank correlation were also performed.
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3 Results

Idenficaon

Twenty nine eligible trials of lipid-lowering drugs, including 233,027 patients, were identified and considered eligible
for the analyses. There was a total of 117,678 subjects allocated to receive more intensive therapy and 115,349 subjects
allocated to the respective control arms for the analysis of
cardiovascular mortality. In the analysis of total mortality,
there was a total of 114,740 subjects allocated to receive
more intensive therapy and 113,939 patients allocated to the
respective control arms.
A flow diagram of the study’s screening process is shown
in Fig. 1. All studies were randomized and showed good
quality (≥ 2 points of Jadad’s score for each eligible trial).
The studies selected in this meta-analysis included
patients with and without cardiovascular history (primary
and secondary prevention), of both sexes, and of a wide age
range. Follow-up ranged from 7 to 73 months. Description
of trials selected for this analysis is summarized in Table 1.
Overall, this meta-analysis showed that more intensive
therapy was associated with a significant reduction in cardiovascular mortality (OR 0.79; 95% CI 0.72–0.88; p < 0.0001;
I2 = 70%) and total mortality (OR 0.90; 95% CI 0.85–0.96;
p < 0.0005; I2 = 54%).
In the analysis stratified according to the baseline nonHDL-C level, the results were the following when cardiovascular mortality was evaluated: (1) ≥ 190 mg/dL:
OR 0.63 (95% CI 0.53–0.76); (2) 160–189 mg/dL: OR
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Fig. 1  Flow diagram of the study screening process

0.82 (95% CI 0.75–0.89); (3) 130–159 mg/dL: OR 0.71
(95% CI 0.52–0.98); (4) < 130 mg/dL: OR 0.95 (95%
CI 0.87–1.05). In the same analysis, but when mortality
from any cause was evaluated, the results were the following: (1) ≥ 190 mg/dL: OR 0.70 (95% CI 0.61–0.82);
(2) 160–189 mg/dL: OR 0.91 (95% CI 0.83–0.98);
(3) 130–159 mg/dL; OR 0.88 (95% CI 0.77–1.00);
(4) < 130 mg/dL: OR 0.98 (95% CI 0.91–1.06). These data
show that in analysis by subgroups of baseline non-HDL-C
level, all-cause mortality risk and cardiovascular mortality risk were associated with a reduction only in the trials
with baseline non-HDL-C levels of 130 mg/dL or greater.
The subgroup with baseline non-HDL-C levels of 190 mg/
dL or greater yielded the highest reductions. The graphic
representation of the analysis according to the baseline
non-HDL-C level is shown in Figs. 2 and 3.
In a meta-regression, more intensive vs. less intensive
therapy was associated with a change in ORs for all-cause
mortality of 0.91 (95% CI 0.85–0.98; P = 0.009), and with
change in ORs for cardiovascular mortality of 0.87 (95%
CI 0.76–0.98; P = 0.027) for each 40 mg/dl higher baseline
non-HDL-C level. Figures 4 and 5 shows meta-regression
analysis of cardiovascular and all-cause mortality by baseline non-HDL-C level.
The funnel plot of standard error by Log OR of endpoints
does not suggest publication bias (Fig. 6). In the same way,
Begg and Mazumdar’s test for rank correlation gave a p
value of 0.15, not indicating possible publication bias.
The sensitivity analysis showed that the results were
robust (Figures 7–10, supplementary material).

4 Discussion
In these meta-analyses and meta-regression, more intensive
compared with less intensive non-HDL-C lowering was
associated with greater reduction in the risk of all-cause
and cardiovascular mortality in patients with higher baseline non-HDL-C levels. These associations were not present
when baseline non-HDL-C levels were less than 130 mg/dL.
An elevated serum cholesterol level is an independent
risk factor for coronary heart disease [19]. The subjects who
reduce serum cholesterol levels by 1 mmol/l (38.7 mg/dL)
reduce cardiovascular risk by 22% [8]. The absolute risk
reduction depends on the levels of serum cholesterol prior
to treatment, the global cardiovascular risk and the extent
of achieved serum cholesterol lowering. However, the evidence from statin trials suggests that there is a considerable
“residual cardiovascular risk” in statin treated patients [20].
Such situation is thought to be a direct consequence of the
persistent high concentrations of other atherogenic particles
involved in the atherosclerotic process [21].

W. Masson et al.
Table 1  Study baseline characteristics
Study, year

N

Followup
(years)

Less intensive therapy (mg)

More intensive therapy (mg)
Baseline
non-HDLC

Baseline
non- HDLC

217.0
225.0
170.0
187.0

217.0
225.0
170.0
186.9

185.0
182.0
183.3
176.3
218.0
162.0
162.4
145.0
184.0
152.0
141.0
128.0
149.8
147.0
184.8
162.3
136.0
164.0
147.0
120.5
152.0

Simvastatin 10–40
Pravastatin 40
Pravastatin 40
Lovastatin 40–80 + colestyramine 8
Lovastatin 20–40
Pravastatin 40 mg
Pravastatin 20
Pravastatin 40
Atorvastatin 10–20–80
Fluvstatin 80
Atorvastatin 10
Simvastatin 20–80
Atorvastatin 80 mg
Atorvastatin 10 mg
Atorvastatin 80
Atorvastatin 80
Atorvastatin 80
Atorvastatin 10
Diet + pravastatin 10–20
Atorvastatin 80
Rosuvastatin 20 mg
Simvastatin 40 + ezetimibe 10
Simvastatin 20 + ezetimibe 10
Simvastatin 40 + ezetimibe 10
Alirocumab 150

124.0
114.0
160.3
123.0

Evolocumab 140/420
Bococizumab 150
Bococizumab 150
Alirocumab 150

124.0
114.3
160.5
122.0

4S, 1994 [3]
WOSCOPS, 1995 [31]
CARE, 1996 [32]
The Post CABG trial, 1997 [33]

4444
6604
4159
1351

5.4
4.9
5.0
4.3

AFCAPS-TexCAPS, 1998 [34]
LIPID, 1998 [35]
GISSI-P, 2000 [36]
ALLHAT–LLT, 2002 [37]
GREACE, 2002 [38]
LIPS, 2002 [39]
ASCOT-LLA, 2003 [40]
A to Z, 2004 [41]
ALLIANCE, 2004 [42]
CARDS, 2004 [43]
PROVE IT-TIMI 22, 2004 [44]
TNT, 2005 [45]
IDEAL, 2005 [46]
ASPEN, 2006 [47]
MEGA, 2006 [48]
SPARCL, 2006 [49]
JUPITER, 2008 [6]
SEAS, 2008 [50]
SHARP, 2011 [51]
IMPROVE-IT, 2015 [52]
ODYSSEY LONG
TERM, 2015 [53]
FOURIER, 201 [54]
SPIRE-1, 2017 [55]
SPIRE-2, 2017 [55]
ODYSSEY OUTCOMES, 2018
[27]

6605
9014
4271
10,355
1600
1677
10,305
4497
2442
4248
4162
10,001
8863
2410
7832
4731
17,802
1873
9270
18,144
2341

5.2
6.1
2.0
4.8
3.0
3.9
3.1
3.1
4.3
3.9
2.0
4.9
4.8
4.0
5.3
4.9
1.9
4.4
4.9
6.0
1.5

Placebo
Placebo
Placebo
Lovastatin 2.5–5 + colestyramine 8
Placebo
Placebo
Control
Control
Usual care
Placebo
Placebo
Simvastatin 20
Usual care
Placebo
Pravastatin 40
Atorvastatin 10
Simvastatin 20
Placebo
Diet
Placebo
Placebo
Placebo
Placebo
Simvastatin 40
Placebo

27,564
16,817
10,621
18,924

2.2
0.6
1.0
2–8

Placebo
Placebo
Placebo
Placebo

With the emergence of the concept of “residual cardiovascular risk”, non-HDL-C has been proven to perform better in
terms of risk prediction for cardiovascular disease [22–24].
Another concept that emerged for the management of
lipid-lowering treatments is the “threshold” concept. We
understand by “threshold” as that lipid value above which
we must indicate a specific lipid-lowering therapy [25]. A
recent European Task Force suggest use LDL-C threshold
values for considering new lowering-lipid drugs, for instance
PCSK9 monoclonal antibody therapy, based on consideration of absolute cardiovascular risk and the absolute LDL-C
reduction required [26].
A recent meta-analyses showed that more intensive compared with less intensive LDL-C lowering was associated
with a greater reduction in risk of total and cardiovascular

185.0
182.0
183.9
176.1
218.0
162,.0
162.4
146.0
186.0
153.5
143.0
128.0
150.8
147.0
184.8
161.4
137.0
165.0
147.0
120.5
152.6

mortality in patients with higher baseline LDL-C levels, but
not when baseline LDL-C level was < 100 mg/dL [15]. Similarly, in the ODYSSEY OUTCOMES study, which evaluated the use of alirocumab in patients with a recent acute
coronary syndrome treated with high-potency statins, the
maximum benefit was obtained in the subgroup of patients
with a LDL-C greater than 100 mg/dL [27]. These findings
are aligned with the European recommendations previously
mentioned for the use of the new lipid-lowering drugs, suggesting that the greatest benefit from lipid–lowering therapy
may occur for patients with higher baseline LDL-C levels.
The present analysis evaluated non-HDL-C, a lipid
marker that more accurately represents the total of atherogenic particles and, unlike LDL, can be used in the context
of elevated triglycerides [28].
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Fig. 2  Effect of lipid-lowering therapy on cardiovascular mortality. Random effects, odds ratio, 95% confidence intervals (CI) and I 2 statistics

The association between non-HDL-C and mortality was
reported previously in another meta-analysis [29]. Liao
et al. showed that in patients with cardiovascular disease
history, high non-HDL-C level at baseline was associated
with higher risk of mortality (RR: 1.24, 95% CI 1.05–1.46).
Similarly, Robinson et al. reported that most lipid-modifying drugs used as monotherapy have an approximately 1:1
relationship between percent non-HDL-C lowering and
cardiovascular reduction [30]. This evidence suggests that
non-HDL-C, along with LDL-C, could be considered both a
marker and a target of cardiovascular prevention [21].
Our findings showed that the reduction of total and cardiovascular mortality with the more intensive lipid-lowering therapy was only observed when the basal non-HDL-C

exceeded 130 mg/dL. Moreover, the meta-regression analysis showed that for each 40 mg/dL higher baseline nonHDL-C level, more versus less intensive lipid lowering
therapy was associated with a change in ORs of 0.91 and
0.87 for cardiovascular an all-cause mortality, respectively.
Many recommendations have proposed non-HDL-C
goals. However, there are not currently non-HDL-C thresholds. Our research provides information that could be used
for that purpose.
The main challenge for the large use of emerging lipidlowering drugs is their cost. Thus, the correct identification
of the adequate target population for treatment is a priority.
Future recommendations should identify the patients at
greatest risk who are most likely to benefit from the new
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Fig. 3  Effect of lipid-lowering therapy on all-cause mortality. Random effects, odds ratio, 95% confidence intervals (CI) and I 2 statistics

and expensive lipid-lowering drugs, taking into account
the financial restraints within healthcare budgets.
This meta-analysis presents several limitations. First,
they are related with clinical heterogeneity (popular characteristics, different schemes of lipid-lowering therapy,
different follow-up), statistical heterogeneity and potential
publication bias. However, a large number of publications
were included in this analysis and the results were robust
when performing the sensitivity analysis. Second, the
analysis included only trial-level data without having the
individual data. Finally, we do not consider the analysis of
other endpoints or combinations of them, because we find
a great heterogeneity in the definitions.

5 Conclusion
In these meta-analyses and meta-regression, more intensive compared with less intensive non-HDL-C lowering
was associated with reduction in the risk of all-cause and
cardiovascular mortality when baseline non-HDL-C levels were above than 130 mg/dL. In a context of limited
resources, this non-HDL-C threshold value could be considered in health decision making.
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Fig. 4  Random-effects meta-regression analyses: association between baseline non-HDL-C levels and cardiovascular mortality

Fig. 5  Random-effects meta-regression analyses: association between baseline non-HDL-C levels and all-cause mortality
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Fig. 6  Funnel plot using
standard error for log odds ratio
of all-cause and cardiovascular
mortality
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