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Background: High-density lipoprotein cholesterol (HDL-C) is a strong inverse predictor of cardiovascular events.
The aim of the current study was to evaluate the correlation between changes in HDL-C and subsequent cardio-
vascular events.
Methods: Study population comprised 13,037 subjects free of cardiovascular diseasewith amean followup of 6±
3 years. LowHDL-Cwas defined as b40 mg/dl formen and b50 mg/dl for women. Participants were divided into
three groups based on HDL-C levels at the first and second baseline visits: persistently-low HDL-C (LL);
persistently-high HDL-C (HH); and those with high HDL-C in a one visit only: intermittently high HDL-C
(LH/HL). The primary endpoint was the first occurrence of a cardiovascular event.
Results: A total of 529 (4.1%) incident events occurred during follow-up. HDL-C levels increased significantly be-
tween the two landmark visits (47.5 ± 12.6 vs. 48.1 ± 12.2, p b 0.001). Kaplan–Meier survival analysis showed
that the cumulative probability of cardiovascular events at 6 years was highest among subjects in the LL group
(7.6%), and similar among LH/HL and HH groups (3.3% and 4%, respectively; log-rank p = 0.001). Multivariate
Cox regression analysis, with HDL-C as time-dependent covariate, showed that subjects with persistently low
HDL-C during followup experienced a 51% increased cardiovascular risk comparedwith subjectswith persistent-
ly highHDL-C (p= 0.026). Subjects with intermittently high HDL-C during follow up experienced similar risk to
those with persistently high HDL-C (HR = 1.02; p = 0.89).
Conclusions: Variations in HDL-C levels during follow-up are associated with subsequent cardiovascular risk.
Patients who retain low HDL-C levels are at the cardiovascular highest risk.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

High-density lipoprotein cholesterol (HDL-c) is a strong and inde-
pendent inverse predictor of cardiovascular disease (CVD). Low HDL-C
levels are correlated with increased cardiovascular risk among different
populations including healthy adults, subjects suffering from dyslipid-
emia or themetabolic syndrome, and patientswith established coronary
artery disease [1–7]. Accordingly, the National Cholesterol Education
Program—Adult Treatment Panel III (NCEPATP III) guidelines indicate
that a low HDL-C level should be regarded as a major risk factor for
CVD [8].

Whilemultiple clinical trials focused on strategies aiming to increase
HDL-C levels among high risk populations, little is known about how
changes in HDL-C among apparently healthy individuals correlate
with subsequent cardiovascular risk.

Therefore, the aim of the current study was to investigate the corre-
lation between changes in HDL-C and subsequent cardiovascular events
among large cohort of middle-aged apparently healthy adults.

2. Methods

2.1. Study population

The Chaim Sheba Medical Center Institute for Medical Screening performs approxi-
mately 9000 annual examinations. The center population comprise mainly of apparently
healthy men and women who undergo annual health screening survey examinations.
Study population was described previously [9–11]. In brief, all participants are
interviewed at the time of each annual examination using standard questionnaires that
gather information regarding demographic characteristics, medical history, and health-
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relatedhabits (including current smoking status, and regular physical activity). Thereafter,
blood samples are drawn after a 12 h fast and analyzed immediately. A physician at the
center performs a complete physical examination, including bloodpressuremeasurement.
All subjects undergo exercise stress testing according to the Bruce protocol in each annual
visit. A computerized database of all the annual visits in this center was established in the
year 2000 and is the source of data for this study. The Institutional Review Board of the
Sheba medical center approved this study on the basis of strict maintenance of partici-
pants' anonymity during database analyses. No individual consent was obtained.

The present study population comprised Caucasian men and women who visited the
Institute for Preventive Medicine during the years 2000–2013 and had HDL-C levels from
their first two baseline visits. Low HDL was defined as b40 mg/dl for men and b50 mg/dl
for women according to the NCEP ATP III guidelines [8]. Subjects with known coronary ar-
tery disease, or abnormal exercise stress test at the baseline visit were excluded from the
analysis. Final sample size included 12,867 subjects whowere followed up, examined and
interviewed annually at yearly intervals over amean follow upof 6±3 years. Participants
were encouraged to perform regular physical activity, nutritional counseling was given
when needed (e.g. obesity or dysglycemia) and annual medical follow-up was ensued.
Baseline characteristics, cardiovascular risk factors and laboratory characteristics of sub-
jects were not included in the final analysis (due to loss to follow up or missing HDL-C
levels at baseline) and were not statistically different from the characteristics of the in-
cluded subjects (data not shown).

2.2. Definitions and endpoint

In the primary analysis of the present study, subjects were grouped into three HDL-C
change groups based on HDL-C levels at the first and second landmark visits. Group I:
persistently-high HDL-C concentrations on both landmark visits (HH); Group II:
persistently-low HDL-C concentrations on both landmark visits (LL); and Group III: sub-
jects with high HDL-C in a single (either first or second) follow-up visit (LH/HL). In a sec-
ondary analysis, Group III subjects were further categorized into those who changed their
HDL-C levels between the first and second visits from low to high (LH) or thosewho had a
corresponding reduction between the two visits (HL).

The primary end point of the present study was the first occurrence of a cardiovascu-
lar event during follow-up. This outcomewas defined as significant coronary heart disease
requiring intervention (therapeutic percutaneous coronary intervention (PCI)) or acute
coronary syndrome (defined according as the combination of ischemic symptoms and
ECG changes of new ischemia with or without evidence of loss of viable myocardium).
Outcomes were reported at the yearly visit and approved by the attending physician.
The studywas designed as a landmark study (i.e. with follow-up for cardiovascular events
beginning after the second assessment of HDL-C levels). Since all-causemortality occurred
in only a small minority of study subjects (n = 112 [0.86%]), all analyses were further re-
peated for the secondary end point that included the first occurrence of a cardiovascular
event (as defined above) or all-cause mortality.

3. Statistical analysis

Baseline clinical characteristics were compared among the three
HDL-C change groups (LL, LH/HL, HH) by either using one-way ANOVA
for continuous variables or chi-square test for categorical variables.
The probability of the development of a first CVD event during follow-
up by the prespecified HDL-C change groups was estimated and graph-
ically displayed according to themethod of Kaplan andMeier, with com-
parison of cumulative events across strata by the log-rank test. In this
analysis follow-up was initiated after the second landmark visit.

Multivariate Cox proportional hazard regression modeling was car-
ried out to evaluate how HDL-C change groups were associated with
the development of the composite CVD outcome, incorporating HDL-C
levels at consecutive follow-up visit (up to 8 annual visits) as a time-
dependent covariate in themultivariatemodels. In this analysis subjects
in the LL or HH groups at the second follow-up visit were moved into
the LH/HL group if their HDL-C categorywas changed at any subsequent
visit, thereby incorporating the 3 HDL-C change groups as a time-
dependent covariate. Pre-specified covariates in the multivariate
models included age, gender, smoking status (yes/no), obesity
(N30 kg/m2), self-reported regular physical activity (yes/no), LDL and
HDL cholesterol levels and lipid lowering therapy. All statistical analyses
were performed with SPSS (ver. 20.0) statistical software.

4. Results

Among the 12,867 study subjects, the mean age was 49 ± 10 and
9265 (72%) of the subjects were men. There were 2145 (17%) active
smokers, 1714 (13%) obese and 7900 (61%) physically active subjects.

Only 257 (2.2%) subjects were on chronic lipid lowering drug therapy
(statin — 88%, fibrate — 10%, others [niacin and ezetemibe] — 2%, of
them only 3% were on more than one lipid lowering agent).

Therewere 3164 (25%) subjects in the LL group, 7426 (58%) subjects
in the HH group, and 2277 (18%) subjects in the LH/HL group. The latter
group included 1357 (60%) LH subjects (i.e. those with low HDL-C con-
centration in the first and high concentrations in the second visit) and
920 (40%) HL subjects (i.e. those with high HDL-C levels in the first
and low HDL-C levels in the second visit).

Baseline clinical and laboratory characteristics of study subjects by
the prespecified HDL-C change groups are presented in Table 1. The 3
groups displayed significant differences in all baseline characteristics.
Notably, compared with HH and LH/HL groups, LL group subjects were
more likely to be males, had higher levels of fasting glucose, were
more likely to be active smokers, were less likely to be physically active,

Table 1
Baseline characteristics of study population.a

LL
N = 3184

LH/HL
N = 2334

HH
N = 7519

Age, years 48 ± 10 48 ± 10 49 ± 11
Gender, male 2445 (77%) 1649 (72%) 5171 (70%)
BMI 27 ± 4 27 ± 4 25 ± 4
Obesity 649 (22%) 363 (17%) 702 (10%)
Active smokers 715 (25%) 414 (19%) 1016 (15%)
Physically active 1651 (57%) 1331 (62%) 4918 (70%)
Systolic BP (mm Hg) 126 ± 18 124 ± 18 124 ± 19
Diastolic BP (mm Hg) 80 ± 10 80 ± 10 78 ± 13
Hemoglobin (g/dl) 14.8 ± 1.3 14.7 ± 1.3 14.6 ± 1.5
Creatinine (mg/dl) 1.06 ± 0.17 1.04 ± 0.17 1.04 ± 0.16
Glucose (mg/dl) 96 ± 24 92 ± 19 91 ± 19
Uric acid (mg/dl) 6 ± 1 5 ± 1 5 ± 1
Total cholesterol (mg/dl) 188 ± 34 193 ± 35 199 ± 34
LDL-C (mg/dl) 120 ± 28 124 ± 29 124 ± 30
HDL-C (mg/dl) 36 ± 5 42 ± 7 54 ± 12
Triglyceride (mg/dl) 169 ± 89 142 ± 79 110 ± 57
Lipid lowering therapyb 57 (2%) 50 (2%) 150 (2%)

BMI: body mass index. BP: blood pressure. LDL-C: low density lipoprotein cholesterol.
HDL-C: high density lipoprotein cholesterol. LL: low concentration of HDL-C on both visits.
LH/HL: highHDL-C in a single follow-upvisit. HH: highHDL-C concentration onboth visits.
SI conversion factors: to convert cholesterol to mmol/l, multiply values by 0.0259.

a All comparisons were statistically significant (p b 0.01 for overall comparison) with
the exception of lipid lowering therapy.

b Statin— 88%, fibrate— 10%, others (niacin and ezetemibe)— 2%, of themonly 3%were
on more than one lipid lowering agent.

Table 2
Baseline characteristics at landmark visits.a

Landmark visit 1 Landmark visit 2

BMI 26 ± 4 26 ± 4
Obesity 1753 (13%) 1773 (14%)
Active smokers 2145 (17%) 2039 (16%)
Physically active 7900 (61%) 8862 (69%)
Systolic BP (mm Hg) 124 ± 19 124 ± 17
Diastolic BP (mm Hg) 79 ± 12 78 ± 10
Hemoglobin (mg/dl) 14.7 ± 1.4 14.6 ± 1
Creatinine (mg/dl) 1.05 ± 0.16 1.04 ± 0.2
Glucose (mg/dl) 92 ± 20 91 ± 18
Uric acid (mg/dl) 5.4 ± 1.4 5.5 ± 1.4
Total cholesterol (mg/dl) 196 ± 34 195 ± 34
LDL-C (mg/dl) 123 ± 29 122 ± 28
HDL-C (mg/dl) 47.5 ± 12.5 48.1 ± 12.1
Low HDL-C (mg/dl) 4521 (35%) 4084 (32%)
Triglyceride (mg/dl) 130 ± 74 130 ± 72
Lipid lowering drugsb 257 (2.0%) 348 (2.7%)

All comparisonswere statistically significant (p b 0.01)with the exception of BMI, obesity
rates and triglycerides level. BP: blood pressure. BMI: bodymass index. LDL-C: lowdensity
lipoprotein cholesterol. HDL-C: high density lipoprotein cholesterol. SI conversion factors:
to convert cholesterol to mmol/l, multiply values by 0.0259.

a Average time interval between first and second visits was 467 ± 265 days.
b Include statin and fibrate based medications.
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