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Abstract
Background—It is unclear whether levels of high-density lipoprotein cholesterol (HDL-C) or
apolipoprotein A-I (apoA-I) remain inversely associated with cardiovascular risk among patients
who achieve very low levels of low-density lipoprotein cholesterol (LDL-C) on statin therapy. It is
also unknown whether a rise in HDL-C or apoA-I after initiation of statin therapy is associated
with a reduced cardiovascular risk.

Methods and results—We performed a meta-analysis of 8 statin trials in which lipids and
apolipoproteins were determined in all study participants at baseline and at 1-year follow-up.
Individual patient data were obtained for 38,153 trial participants allocated to statin therapy, of
whom 5387 suffered a major cardiovascular event. HDL-C levels were associated with a reduced
risk of major cardiovascular events (adjusted hazard ratio 0.83, 95%CI 0.81–0.86 per 1 standard
deviation increment), as were apoA-I levels (HR 0.79, 95%CI 0.72–0.82). This association was
also observed among patients achieving on-statin LDL-C levels < 50 mg/dL. An increase of HDL-
C was not associated with reduced cardiovascular risk (HR 0.98, 95%CI 0.94–1.01 per 1 standard
deviation increment), whereas a rise in apoA-I was (HR 0.93, 95%CI 0.90–0.97).

Conclusions—Among patients treated with statin therapy, HDL-C and apoA-I levels were
strongly associated with a reduced cardiovascular risk, even among those achieving very low
LDL-C. An apoA-I increase was associated with a reduced risk of major cardiovascular events,
whereas for HDL-C this was not the case. These findings suggest that therapies that increase
apoA-I concentration require further exploration with regard to cardiovascular risk reduction.
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Introduction
Low levels of high-density lipoprotein cholesterol (HDL-C) are a well-established risk
factor for coronary heart disease (CHD).1,2 A similar association has consistently been
shown for the concentration of apolipoprotein A-I (apoA-I), the major protein constituent of
these lipoproteins. HDL-C levels were also shown to be inversely associated with risk of
cardiovascular events among people with low levels of low-density lipoprotein cholesterol
(LDL-C).3 HDL-C levels have also been shown to be an important risk factor for
cardiovascular events among patients treated with statins and even among those treated with
high-dose statins.4,5 As a consequence, HDL-C and apoA-I have become important targets
in the quest for novel anti-atherogenic agents.

However, the hypothesis that HDL-C and apoA-I directly confer biological protection
against atherosclerosis has never been proven. The same is true for the hypothesis that
raising HDL-C or apoA-I levels will result in reduced CHD risk. In fact, several recent lines
of evidence have questioned HDL-C and apoA-I as relevant therapeutic targets. First, a
recent study showed that some genetic variants that raise HDL-C levels are not associated
with a proportionally lower risk of myocardial infarction.6 Second, a JUPITER subanalysis
has shown that HDL-C and apoA-I had virtually no predictive value among patients treated
with potent statin therapy who reached very low levels of LDL-C.7 Third, data from
population studies and from a meta-analysis have suggested that changes in HDL-C levels
after initiation of lipid modifying therapy are not independently associated with CHD risk.8,9

Fourth, several recent trials testing HDL raising therapies have shown unexpected results.
The Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High
Triglycerides: Impact on Global Health Outcomes (AIM-HIGH) trial, which evaluated the
efficacy and safety of niacin, was stopped prematurely because of lack of efficacy.10 The
trial evaluating the cholesteryl ester transfer protein (CETP) inhibitors torcetrapib was
stopped prematurely due to excess mortality in the torcetrapib arm, whereas the trial
evaluating the CETP inhibitor dalcetrapib was terminated prematurely on the grounds of
futility.11, 12 These data combined have raised serious doubts about the efficacy of HDL
targeted therapy for the prevention of cardiovascular events.

We hypothesized that among statin-treated patients, higher levels of HDL-C and apoA-I are
indeed associated with lower cardiovascular risk, even among those achieving very low
LDL-C levels. Second, we hypothesized that patients whose HDL-C or apoA-I levels
increased after the initiation of statin therapy had a lower risk of cardiovascular events
compared to those whose HDL-C or apoA-I did not change or decreased. We tested these
hypotheses by performing a meta-analysis of individual patient data from 8 large statin
trials.

Methods
Design and literature search

The design of this meta-analysis has been described previously.13 Briefly, the literature was
searched to identify all randomized controlled trials that assigned study participants in at
least 1 of the study groups to statin therapy. Trials in which total cholesterol, LDL-C, HDL-
C, triglycerides, and apolipoproteins A-I and B were measured at baseline and during statin
therapy in the entire study population were selected. Trials with a mean follow-up for
cardiovascular events shorter than 2 years and those including fewer than 1000 participants
were excluded. The literature search strategy has been described previously.13 Investigators
from eligible trials were contacted and asked to provide individual patient data. The
requested patient characteristics included sex, age, smoking status, body mass index,
diabetes mellitus, systolic and diastolic blood pressure, fasting glucose, total cholesterol,
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LDL-C, HDL-C, triglycerides and apolipoprotein A-I and B at baseline and at 1-year follow-
up, study medication, and history of stable coronary artery disease, myocardial infarction,
percutaneous coronary intervention, or coronary artery bypass grafting. The following
outcomes (and time to event) were also collected: fatal and nonfatal myocardial infarction,
fatal other CHD, hospitalization for unstable angina, fatal and nonfatal stroke, peripheral
artery disease, and congestive heart failure. Quality of the included trials was assessed by
the Delphi score.14 This meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.15 A PRISMA checklist was
provided at submission.

Lipids, apolipoproteins, and outcome definition
Lipid and apolipoprotein levels at baseline and at 1-year follow-up were obtained from the
participating trials. The 1-year time point was chosen because this was the first uniform time
point when apolipoproteins were measured in all participating trials. Cholesterol levels
reported in mmol/L were converted to mg/dL by multiplying by 38.7, and triglycerides
levels reported in mmol/L were converted to mg/dL by multiplying by 88.5. Time to first
major cardiovascular event was the outcome measure used in this analysis. Follow-up
started at the 1-year timepoint so events occurring within the first year were not included in
this analysis. Major cardiovascular event was a composite of fatal or nonfatal myocardial
infarction, fatal other CHD, hospitalization for unstable angina, and fatal or nonfatal stroke.
All included trials were approved by an institutional review committee and all study
participants of the respective trials gave informed consent.

Statistical analysis
Baseline characteristics, levels of lipids and apolipoproteins at baseline and during
participation in the trial, as well as absolute changes and percentage changes between on-
trial and baseline levels were calculated for each trial separately. Change in HDL-C level
was calculated as on-trial HDL-C level at 1 year minus baseline HDL-C level. Change in
apoA-I level was calculated as on-trial apoA-I level at 1 year minus baseline apoA-I level.
Study participants allocated to placebo were excluded. Cox proportional hazards models
were used to quantify the association between on-statin HDL-C or apoA-I levels and time to
the occurrence of first major cardiovascular event. Hazard ratios (HRs) and corresponding
95% confidence intervals (95%CI) were calculated by quintiles of on-statin HDL-C or
apoA-I using those in the bottom quintile as reference category. A trend test was used to test
for linear trend across quintiles. We also analyzed risk per 1 standard deviation of on-statin
HDL-C or apoA-I levels. In addition, we analyzed risk per 1 standard deviation increment of
on-statin HDL-C or apoA-I levels. Proportional hazards models were adjusted for trial, sex,
age, smoking (current versus not), diabetes mellitus, systolic blood pressure, body mass
index, glucose, and on-statin non-HDL-C. Additional analyses with alternative adjustment
were performed after replacing non-HDL-C with either LDL-C or apolipoprotein B.
Analyses were not additionally adjusted for prevalent cardiovascular disease since all trials
enrolled either 0% or 100% patients with prevalent disease, so adjustment for trial implies
adjustment for prevalent cardiovascular disease. Hazard ratios and corresponding 95%CI
were also calculated by quintiles of HDL-C and apoA-I in the subgroups of people with on-
statin LDL cholesterol ≥ 130 mg/dL, 100–130 mg/dL, 70–100 mg/dL, 70–50 mg/dL, and <
50 mg/dL. Forest plots were constructed and interaction terms were calculated to assess
whether adjusted hazard ratios per 1 standard deviation increment of on-statin HDL-C or
apoA-I differed significantly between subgroups based on baseline characteristics, lipid
levels, or trial. Hazard ratios and corresponding 95% confidence intervals were also
calculated by quintiles of change (between baseline and 1-year on-trial) in HDL-C or apoA-I
in study participants allocated to statin therapy. For these analyses, study participants were
excluded if either baseline or 1-year HDL-C or apoA-I levels were missing. Major
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cardiovascular events occurring between the baseline and 1-year measurements were not
considered. Proportional hazards models by HDL-C quintiles were adjusted for trial, sex,
age, smoking (current versus not), diabetes mellitus, systolic blood pressure, body mass
index, glucose, non-HDL-C change, baseline HDL-C, and baseline non-HDL-C. The
equivalent analysis by apoA-I quintiles were adjusted for the same variables except for
baseline HDL-C which was replaced by baseline apoA-I, Additional analyses were
performed after alternative adjustment replacing non-HDL-C with either LDL-C or
apolipoprotein B.

The Cochran Q statistic and the I2 statistic were used to quantify statistical heterogeneity
across studies with regard to the association between either HDL-C or apoA-I levels and risk
of major cardiovascular events. The I2 statistic is derived from the Q statistic ([Q–df/
Q]*100) and provides a measure of the proportion of the overall variation attributable to
between-study heterogeneity.16 The potential for publication bias was addressed by drawing
funnel plots and visual assessment. Proportionality of hazards over time was graphically
checked by plotting the cumulative hazards over time for all quartiles against each other. All
reported p-values are 2-sided. A p-value < 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS (version 17.0, Chicago, Illinois, USA).

Results
Literature search

The results of the literature search are shown in Supplementary Figure 1, and have been
published previously.13 Briefly, 8 trials fulfilled all inclusion criteria: the Scandinavian
Simvastatin Survival Study (4S),17 the Air Force/Texas Coronary Atherosclerosis
Prevention Study (AFCAPS-TexCAPS),18 the Long-term Intervention with Pravastatin in
Ischaemic Disease (LIPID) trial,19 the Collaborative Atorvastatin Diabetes Study
(CARDS),20 the Treating to New Targets (TNT) trial,21 the Incremental Decrease in
Endpoints through Aggressive Lipid Lowering (IDEAL) trial,22 the Stroke Prevention by
Aggressive Reduction in Cholesterol Levels (SPARCL) trial,23 and the Justification for the
Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER).24

Individual patient data were obtained from all 8 trials. Study characteristics of these 8 trials
are shown in Supplementary Table 1. Trials were of high quality with a median Delphi score
of 9 (range 6–9). Heterogeneity between trials with regard to the association with risk of
major cardiovascular events was low for HDL-C (Q=9.93, P=0.19, I2=29%, and apoA-I (Q=
6.30, P = 0.51, I2= 0) Visual assessment of funnel plots did not suggest strong evidence for
bias. The proportionality assumptions were satisfied.

Baseline characteristics and events
Baseline characteristics of the study participants are shown in Supplementary Table 2.
Levels of lipids and apolipoproteins at baseline and at 1-year on-trial, as well as the absolute
and percentage changes between baseline and on-trial levels are shown in Supplementary
Table 3. A total of 38,153 study participants were randomized to a statin arm and had a
complete set of lipid and apolipoprotein levels during statin treatment available. During
155,573 person-years follow-up, 158 (0.4%) study participants developed a fatal myocardial
infarction and 1678 (4.4%) developed a non-fatal myocardial infarction. Fatal other CHD
occurred in 615 study participants (1.6%) and fatal or nonfatal stroke occurred in 1029 study
participants (2.7%). A total of 2806 participants (7.4%) were hospitalized for unstable
angina. A total of 6286 major cardiovascular events occurred in 5387 study participants
(event rate 14.1%). Of these, 4577 experienced 1 event, 728 experienced 2 events, 75
experienced 3 events, and 7 experienced 4 events.
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On-statin HDL cholesterol and apolipoprotein A-I levels and risk of events
The risk of major cardiovascular events was strongly and inversely associated with levels of
on-statin HDL-C and apoA-I levels (Table 1). Patients in the top quintile of on-statin HDL-
C had a multivariable adjusted hazard ratio of 0.65 (95%CI 0.59–0.71) for major
cardiovascular events compared to those in the bottom quintile (p for linear trend across
quintiles < 0.001). The multivariable adjusted hazard ratio per 1 standard deviation HDL-C
increment was 0.83 (95%CI 0.81–0.86). For those in the top quintile of apoA-I, the
multivariable adjusted hazard ratio was 0.53 (95%CI 0.48–0.59, p for linear trend < 0.001).
The hazard ratio per 1 standard deviation apoA-I increment was 0.79 (95%CI 0.77–0.82).
Analyses in which non-HDL-C was replaced as an adjustment variable by either LDL-C or
apoB yielded similar results (data not shown). The strong and inverse association between
on-statin HDL-C level and risk of major cardiovascular events was similar in the subgroups
of patients achieving on-statin LDL-C > 130 mg/dL, 130-100 mg/dL, 100-70 mg/dL, 70-50
mg/dL, and < 50 mg/dL (Figure 1A). There was also a strong inverse association between
apoA-I quintiles and risk of cardiovascular events in each of the subgroups of patients
achieving on-statin LDL-C > 130 mg/dL, 130-100 mg/dL, 100-70 mg/dL, 70-50 mg/dL, and
< 50 mg/dL (Figure 1B). Analyses where non-HDL-C was replaced as an adjustment
variable by either LDL-C or apoB yielded similar results (data not shown).

Figure 2A shows the multivariable adjusted hazard ratios and 95%CI for major
cardiovascular events per 1 SD increment of HDL-C and apoA-I level in various subgroups
based on the presence or absence of patient or treatment characteristics. There were no
statistically significant interaction terms by any of the analyzed subgroups for either HDL-C
or apoA-I. There was, however, statistical evidence that the association between HDL-C and
risk of major cardiovascular events differed between the various trials (p for interaction =
0.044; Figure 2B). For apoA-I, this interaction term was non-significant.

Change in HDL cholesterol and apolipoprotein A-I and risk of major cardiovascular events
Both baseline and on-trial HDL-C and apoA-I levels (and thus the possibility to calculate
change in HDL-C and apoA-I) were available for 37,747 study participants enrolled in a
statin arm, of whom 3902 developed a major cardiovascular event after the 1-year HDL-C
and apoA-I measurements. The changes in HDL-C and apoA-I levels between baseline and
the 1-year on-trial time point are shown in Supplementary Table 3. The correlation-
coefficient between baseline HDL-C and change in HDL-C was −0.198 (p<0.001). The
correlation coefficient between baseline apoA-I and change in apoA-I was −0.312
(p<0.001).

Patients in the top quintile of HDL-C change had a multivariable adjusted hazard ratio of
0.98 (95%CI 0.87–1.09) for risk of major cardiovascular events compared to those in the
bottom quintile (p for linear trend across quintiles = 0.7, Table 2). The multivariable
adjusted hazard ratio for cardiovascular events per 1 standard deviation HDL-C change was
0.98 (95%CI 0.84–1.01). Patients in the top quintile of apoA-I change had a hazard ratio of
0.83 (95%CI 0.74–0.93, p for linear trend = 0.001). The multivariable adjusted hazard ratio
for cardiovascular events per 1 standard deviation apoA-I change was 0.93 (95%CI 0.90–
0.97). Analyses in which non-HDL-C was replaced as an adjustment variable by either
LDL-C or apoB yielded similar results (data not shown). Analyses that additionally included
patients enrolled in placebo arms of the included trials showed similar results (data not
shown).
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Discussion
We performed a meta-analysis of randomized controlled trials to evaluate the association
between on-statin HDL-C and apoA-I levels and risk of major cardiovascular events. We
observed that among statin-treated patients, on-trial HDL-C and apoA-I levels were each
strongly and inversely associated with the risk of cardiovascular events. These associations
were also observed among patients achieving very low LDL-C levels. In addition, we
observed that study participants whose apoA-I increased after initiation of statin therapy had
a lower risk of cardiovascular events compared to those whose apoA-I levels decreased.
This was not the case for HDL-C.

Our observation that HDL-C and apoA-I levels are strongly and inversely associated with
risk of cardiovascular events is consistent with results from the Pravastatin Pooling Project
which showed that among people taking usual-dose pravastatin, HDL-C levels were
inversely associated with risk of coronary events.4 Consistently, a TNT subanalysis has
shown that the risk of cardiovascular events was lower among patients in the top versus
bottom HDL-C quintile, at least among those assigned to atorvastatin 10 mg.5 Among those
assigned to aggressive lipid-lowering with high-dose atorvastatin 80 mg (mean on-treatment
LDL-C level 77 mg/dL; 2.0 mmol/L), this association did not reach statistical significance.
Consistently, a JUPITER subanalysis suggested that HDL-C levels were associated with
reduced cardiovascular risk among patients in the placebo arm, but that this association was
lost among people on rosuvastatin 20 mg achieving very low LDL-C (median on-treatment
level 1.42 mmol/L).7 It is unclear whether the loss of statistical significance among those
randomized to rosuvastatin was related to the low number of cardiovascular events or
represented a true lack of association. The current meta-analysis compiled over 12,500 study
participants reaching LDL-C < 70 mg/dL, of whom over 1100 developed a major
cardiovascular event during follow-up. In fact, 4375 participants even reached LDL-C < 50
mg/dL, and the number of events in this subgroup was 194. Both HDL-C and apoA-I levels
were strongly and inversely associated with the risk of major cardiovascular events in the
subgroups with very low LDL-C levels. The inconsistency between the TNT and JUPITER
findings and the current meta-analysis is most likely explained by the difference in statistical
power.

A second topic of debate, highly relevant for the potential of HDL-C and apoA-I as
therapeutic targets, is the question whether increases in these parameters are associated with
a reduced risk of cardiovascular events. We show that a rise in HDL-C level was not
associated with a lower risk of major cardiovascular events independent of established risk
factors. Interestingly however, we did observe an association between a rise in apoA-I and a
lower risk of major cardiovascular events. Our HDL-C results are not consistent with a
report from the Framingham Offspring Study, which showed that changes in HDL-C after
initiation of lipid modification therapy were significantly and inversely associated with
cardiovascular risk.25 Our results are consistent with recent data from the EPIC-Norfolk and
Rotterdam population studies which suggested that the association between changes in
HDL-C levels after initiation of lipid modifying therapy and risk of CHD was mostly
explained by established risk factors.8 The most important difference between these
population studies and the current meta-analysis is the number of cardiovascular events; 60
in the Framingham Offspring Study and 79 in the EPIC-Norfolk and Rotterdam studies
versus 5291 in the current meta-analysis. Our results are also consistent with a previous
meta-analysis of trials testing lipid-modifying interventions which showed that a change in
HDL-C levels explained almost no variability in cardiovascular outcomes.9 It should be
noted however that our meta-analysis was based on individual patient data, which
overcomes the inherent problems of a study level meta-analysis such as the one by Briel et
al. The finding that an increase in apoA-I is associated with a reduced cardiovascular risk
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independent of established risk factors reinforces the rationale for apoA-I as a target for anti-
atherogenic therapy. However, HDL metabolism is complex and a large number of potential
targets have been identified.26 Our current analysis does not provide clues as to which of
these players in HDL metabolism should be targeted in order to increase apoA-I and reduce
cardiovascular risk. Nevertheless, we might suggest that increasing apoA-I production at the
mRNA level such as achieved with RVX208, infusion of apoA-I containing HDL particles
such as CER-001, CSL-112, or MDCO-216, or reinfusion of delipidated prebeta HDL might
enjoy better prospects than other strategies that only increase the cholesterol content of HDL
particles.27–30

Several aspects of the design of this meta-analysis warrant comment. An important strength
is the availability of individual patient data. This enabled us to perform analyses at
individual patient level, which allows better statistical adjustment than a study level meta-
analysis. In fact, a study level meta-analysis would have pooled patients whose HDL-C and
apoA-I changes went in opposite directions, thus resulting in the cancelation of true
associations. Another strength is the large number of events in this meta-analysis compared
to previous studies. An important limitation is the fact that the participating trials had
different sets of inclusion criteria. Differences in the distribution of baseline characteristics
between trials may have affected the pooled results. It is however comforting that we did not
observe any significant interaction by clinically relevant subgroups. Second, we used on-
statin lipid and apolipoprotein levels measured at 1-year follow-up. This time point was
chosen because it was the first uniform time point when both lipids and apolipoproteins
were measured in all participating trials. As a consequence, cardiovascular events occurring
in the first year of therapy and therefore the highest risk patients, are not accounted for in
this analysis. Another limitation is the fact that the external validity of HDL-C
measurements may be suboptimal. All trials included in the meta-analysis measured HDL-C
according to the standard protocol of the Centers of Disease Control and prevention.31

However, many clinical laboratories nowadays measure HDL-C using homogeneous
methods which are less well standardized. Therefore, HDL-C as routinely measured in many
clinical labs may not provide an index of cardiovascular risk as accurate as that in clinical
trials. Finally and most importantly, limited information was available about on-trial
covariates. We should emphasize that our analysis does not provide information about the
cause of the changes in HDL-C and apoA-I levels. These changes may have been partially
related to statin therapy, but lifestyle changes such as weight loss, physical activity and
smoking cessation could have had similar effects on HDL-C and apoA-I levels and are also
associated with a reduced risk of cardiovascular events. The fact that similar associations
between changes of HDL-C or apoA-I and risk of cardiovascular events were seen in
patients assigned statin therapy compared to those assigned to placebo, suggests that these
changes are to a large extent not statin-related but most likely caused by lifestyle
modifications. Therefore, the current analysis does not allow us to draw any conclusion
about the cause of changes in HDL-C or apoA-I, nor about the potential causality of the
observed associations between apoA-I changes and risk of cardiovascular events.

In conclusion, this meta-analysis shows that among statin-treated patients HDL-C and apoA-
I levels are strongly and inversely associated with the risk of major cardiovascular events.
These associations were also observed among patients achieving very low LDL-C levels. In
addition, a rise in apoA-I level was associated with cardiovascular risk such that those with
the largest increases had the lowest cardiovascular risk. Such an association was not
observed for HDL-C. Although these results do not provide evidence about the potential
causality of the association between apoA-I increases and reduced risk of cardiovascular
events, they do support further exploration of apoA-I modifying therapies for the prevention
of cardiovascular events.
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Figure 1.
Figure 1A. Cardiovascular risk by HDL cholesterol quintiles and LDL cholesterol categories
Figure 1B. Cardiovascular risk by apolipoprotein A-I quintiles and LDL cholesterol
categories
Bars indicate multivariate adjusted hazard ratios for risk of major cardiovascular events by
HDL cholesterol or apolipoprotein A-I quintiles and LDL cholesterol categories. Hazard
ratios were adjusted for trial, sex, age, smoking status, diabetes mellitus, systolic blood
pressure, body mass index, and glucose. Patients with on-statin LDL-C > 130 mg/dL and in
the lowest HDL-C or apolipoprotein A-I quintile were used as reference category. P-values
for trend test across HDL-C or apolipoprotein A-I quintiles. MCVE = major cardiovascular
events; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein
cholesterol.
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Figure 2.
Figure 2A. Association between on-statin HDL cholesterol or apolipoprotein A-I and risk of
major cardiovascular events by baseline characteristics
Figure 2B. Association between on-statin HDL cholesterol or apolipoprotein A-I and risk of
major cardiovascular events stratified by trial
Data presented for each subgroup or trial are the number of major cardiovascular events /
total number of study participants in that subgroup or trial, hazard ratio and corresponding
95% confidence interval for risk of major cardiovascular events per 1 standard deviation
increase of HDL cholesterol, and equivalent hazard ratio for apolipoprotein A-I. Graphics
represent hazard ratios (dots) and corresponding 95% confidence intervals (horizontal lines).
Vertical dotted line represents point estimate for all participants combined. Hazard ratios
were adjusted for trial, sex, age, smoking status, diabetes mellitus, systolic blood pressure,
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body mass index, glucose, and non-HDL cholesterol. HDL = high-density lipoprotein, BMI
= body mass index, LDL-C = low-density lipoprotein cholesterol, CHD = coronary heart
disease, TG = triglycerides
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