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gressive deterioration of the physiological functions in sev-
eral organs, including the cardiovascular apparatus (2). In 
particular, CVD is the leading cause of morbidity and mor-
tality in individuals over the age of 65 and aging itself is one 
of the most powerful cardiovascular risk factors, as indi-
cated by the scores published in recent guidelines (3).

Interestingly, traditional lipid risk factors might be less 
effective in predicting CVD risk in the elderly compared 
with middle-aged individuals. For instance, the Framing-
ham Risk Score, which estimates individual cardiovascular 
disease risk at10 years and takes into account the contribu-
tions of all serum lipoproteins and additional risk factors, 
has been shown to have only a mild ability to identify CVD 
risk among old people with longevity potential (4). Focus-
ing on plasma lipids, the positive association between total 
cholesterol (TC) and cardiovascular risk is strong in mid-
dle-aged adults, but it becomes weaker in those 80 years of 
age or older (5). In addition, we recently reported that 
high LDL cholesterol (LDL-C) levels are not associated to 
subclinical coronary artery disease in healthy octogenari-
ans (6) and results of a recent meta-analysis showed either 
a lack or an inverse association between LDL-C and both 
all-cause and CVD mortality at late-life age (7).

Whether HDL cholesterol (HDL-C) level can be used to 
predict CVD in old people is still a matter of debate. Some 
findings suggest that plasma levels of these lipoproteins 
may be a more valuable predictor of cardiovascular events 
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In the last decades, the worldwide population has exhib-
ited an increasing life expectancy with a consequent rise in 
the elderly population (1). Aging is accompanied by a pro-

Manuscript received 29 July 2017 and in revised form 19 January 2018.

Published, JLR Papers in Press, February 7, 2018
DOI https://doi.org/10.1194/jlr.P079525

Cholesterol efflux capacity does not associate with 
coronary calcium, plaque vulnerability, and telomere 
length in healthy octogenarians

Francesca Zimetti,* Wladimir M. Freitas,† Alessandra M. Campos,† Mauricio Daher,†  
Maria Pia Adorni,* Franco Bernini,* Andrei C. Sposito,1,† and Ilaria Zanotti1,* on behalf  
of the Brazilian Study on Healthy Aging

Department of Food and Drug,* University of Parma, Parma, Italy; and Cardiology Division,† Faculty of 
Medical Sciences, State University of Campinas (UNICAMP), Cidade Universitária, Campinas, Brazil

ORCID IDs: 0000-0003-2701-6021 (I.Z.); 0000-0002-6665-263X (F.Z.); 0000-0002-5174-6203 (W.M.F.);  
0000-0002-7063-539X (A.M.C.); 0000-0002-4810-6862 (M.P.A.); 0000-0002-2576-7983 (F.B.);  
0000-0001-7127-2052 (A.C.S.)

Abbreviations: CAC, coronary artery calcium; CEC, cholesterol ef-
flux capacity; CRP, C-reactive protein; HDL-C, HDL cholesterol; LDL-C, 
LDL cholesterol; TC, total cholesterol; TL, telomere length.

1 To whom correspondence should be addressed. 
 e-mail: andreisposito@gmail.com (A.C.S.); ilaria.zanotti@unipr.it (I.Z.)
 The online version of this article (available at http://www.jlr.org) 

contains a supplement.

patient-oriented and epidemiological research

https://doi.org/10.1194/jlr.P079525
http://orcid/org/0000-0003-2701-6021
http://orcid/org/0000-0002-6665-263X
http://orcid/org/0000-0002-5174-6203
http://orcid/org/0000-0002-7063-539X
http://orcid/org/0000-0002-4810-6862
http://orcid/org/0000-0002-2576-7983
http://orcid/org/0000-0001-7127-2052
andreisposito@gmail.com
ilaria.zanotti@unipr.it
http://crossmark.crossref.org/dialog/?doi=10.1194/jlr.P079525&domain=pdf&date_stamp=2018-3-23


Cholesterol efflux capacity and atherosclerosis in elderly 715

compared with TC, LDL-C, and nonHDL-C level in older 
age (8). This concept is supported by studies that observed 
an inverse association between HDL-C levels and the risk of 
coronary artery disease or ischemic stroke in the elderly (9, 
10), including a recent work in which we demonstrated that 
low HDL-C is independently associated with subclinical cor-
onary atherosclerosis in a cohort of healthy octogenarians 
(6). Consistently, a prospective study showed that persis-
tently low HDL-C levels were a risk factor for the develop-
ment of CVD events in the elderly (11). To the contrary, 
other data reported weaker or lack of association between 
HDL-C and CVD risk in old people (12, 13). Overall, this 
decline in the predictivity of the traditional risk factors with 
aging makes stratification in the elderly more difficult com-
pared with younger individuals, suggesting an urgent need 
to identify new biomarkers able to provide a more precise 
estimate of cardiovascular risk in these subjects.

Among the novel and recently proposed cardiovascular 
risk biomarkers is HDL cholesterol efflux capacity (CEC), 
the most established HDL antiatherogenic property (14, 
15), consisting in the capacity to promote the release of 
excess cholesterol from macrophages of the arterial wall 
(16). Growing evidence indicates an inverse relationship 
between HDL CEC and both the prevalence and the inci-
dence of CVD (17–19). Interestingly, this association has 
been found to persist even after adjustment for traditional 
risk factors, including HDL-C plasma levels, suggesting 
that HDL function may represent a better predictor of CVD 
than the risk estimation based solely on the amount of par-
ticles present in the bloodstream. In support of this concept, 
HDL CEC has been shown to improve risk prediction 
over the traditional risk factors such as HDL-C plasma 
concentration (20).

Currently, little is known of the potential association be-
tween serum HDL CEC and atherosclerosis in the elderly. 
In an effort to fill this gap of knowledge, we carried out this 
study by measuring serum CEC in a cohort of healthy indi-
viduals over 80 years of age. In particular, we looked at the 
relationship between CEC and atherosclerotic burden in 
the coronary arteries, measured by coronary artery calcium 
(CAC) and features of plaque vulnerability. The former 
indicates the presence of coronary atherosclerosis, and it 
has been used to improve risk prediction for incident 
coronary heart disease (21). In addition, we explored 
the potential relationship between serum CEC and telo-
mere length (TL) in old individuals, as shortening of 
the telomeric DNA, a marker of cell senescence occur-
ring during aging, has been associated to age-related 
CVD risk (22, 23). Finally, we compared serum CEC val-
ues of old subjects with those of a cohort of younger 
individuals.

METHODS

Subjects
Healthy individuals aged 80 years or more (n = 59) were se-

lected from the entire healthy cohort (n = 208) of the Brazilian 
Study on Healthy Aging (24). The study was approved by the Insti-

tutional Research Ethics Committee of the University of Brasilia, 
DF, Brazil. Serum CEC results of middle-aged subjects included in 
the present work belong to a previously published study (18) and 
were selected from the database of the Brisighella Heart Study (25), 
for which the approval of the Ethical Committee of the University of 
Bologna was obtained. All protocols were in accordance with the 
ethical standards of the Helsinki Declaration, with all participants 
having signed informed consent before enrollment. The demo-
graphic and clinical data of elderly and middle-aged subjects are 
reported in Tables 1 and 2, respectively.

Biochemical analyses
After 12 h of overnight fasting, the study participants underwent 

blood sampling. Samples were centrifuged at 1,600 g at 5°C for 
15 min to separate plasma and to make the following measure-
ments: glucose (Glucose GOD-PAP, Roche Diagnostics, Mannheim, 
Germany), total cholesterol (CHOD-PAP, Roche Diagnostics), tri-
glycerides (GPO-PAP, Roche Diagnostics), HDL-C (HDL choles-
terol without pretreatment, Roche Diagnostics), C-reactive protein 
(highly sensitive CRP, CardioPhase, Dade Behring, Marburg, Ger-
many), creatinine (GLDH, Hitachi, Tokyo, Japan), uric acid (Uri-
case-Peroxidase method, Hitachi 747; Hitachi), apoA-I and apoB 
(Behring Nephelometer BNII, Dade Behring), and fibrinogen (Sys-
mex CA 1500, Siemens, Munich, Germany). LDL-C and VLDL-C 
were calculated using the Friedewald formula. All samples were 
evaluated immediately. EDTA plasma samples were also frozen at 
80°C for CEC measurements.

CEC
Serum CEC was quantified by measuring the efflux of radioac-

tive cholesterol as previously described (26). Briefly, murine mac-
rophage J774 cells were grown in DMEM (Lonza Verviers Sprl, 
Verviers, Belgium) containing 10% FBS (Sigma-Aldrich, Milano, 
Italy) and 1% penicillin/streptomycin in 5% carbon dioxide at 
37°C. Cells were plated onto 24-well plates (250,000 cells/well) and 
labeled with 1 Ci/ml [1,2-3H] cholesterol (Perkin Elmer) in me-
dium with 1% FBS, in the presence of 2 µg/ml of an inhibitor of 
the enzyme esterifying cholesterol, ACAT (Sandoz 58035; Sigma-
Aldrich), to prevent the accumulation of cholesteryl esters. After 24 h,  
cholesterol label was removed, cells were washed twice with PBS 
(Lonza) and successively stimulated by incubation with a cAMP 
analog, cpt-cAMP (Sigma Aldrich), at 0.3 mM in DMEM with 
0.2% free fatty acid BSA (Sigma Aldrich) for 18 h to upregulate 
the membrane cholesterol transporter ABCA1 (27). Cells were 
finally exposed to 2% (v/v) of subjects’ whole serum for 4 h. Se-
rum samples were obtained at admission into the study and stored 
at 80°C until use. Before the addition to cells, sera were gently 
thawed in ice. After the efflux period, the medium was removed 
from each well, filtered to remove cellular debris, and 3H choles-
terol quantified by liquid scintillation counting. Percentage efflux 
was determined as the radioactivity detected in the media divided 
by the total radioactivity incorporated by cells. All samples were 
run in triplicate. To check for adequate cAMP-induced ABCA1 
expression, the specific ABCA1 cholesterol acceptor lipid-free hu-
man apoA-I was tested together with serum samples. Values were 
normalized by dividing the efflux capacity of individual subjects 
by the efflux capacity of a standard serum run in each assay (19). 
The direct comparison between octogenarians and middle-aged 
subjects in terms of CEC was feasible because the same serum 
standard was used for normalization in all the assays.

Cardiac computed tomography
Cardiac computed tomography was performed to evaluate cor-

onary calcium score on a 64-detector row scanner (Aquilion 64, 
Toshiba, Ottawara, Tokyo, Japan). Axial slices of 3-mm thickness 
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were acquired in synchrony with an electrocardiographic tracing 
in 70% of the RR interval. Coronary calcifications were defined by 
at least three continuous pixels with a minimum of 130 Houn-
sfield units and were analyzed by a single certified radiologist. The 
Agatston method was used to express the values of coronary calci-
fication. Prior to the scans, all patients with heart frequency above 
60 beats per minute received a maximum dose of 25 mg endove-
nous cardioselective -blocker metoprolol (Seloken®, Astra-Zeneca) 
and 5 mg Isosorbide dinitrate (Isordil®, EMS). For coronary 
computed tomography angiography analyses, the coronary arter-
ies were grouped in four major arteries: left main trunk, left 
anterior descendent, left circumflex, and right coronary artery, 
including their major and minor branches. Coronary atheroscle-
rotic plaques were defined as any tissue >1mm2 within or adjacent 
to the lumen that could be discriminated from surrounding peri-
cardial tissue, epicardial fat, or lumen and that could be identified 
in at least 2 planes. Plaque morphology was visually described as 
1) noncalcified plaque, if there was no signal of higher density in 
the plaque; 2) calcified plaque, if calcification larger than 3 mm 
was detected; 3) spotty calcified plaques, if calcification was pres-
ent <3 mm in size on curved multiplane reformatting images and 
occupied only one side on sectional images (28); and 4) positive 
remodeling plaques, when the diameter in the vessel diameter at 
the plaque site was at least 10% larger than the segment reference 
set proximal to the lesion in a normal vessel segment. The pres-
ence or absence of vulnerable features in the coronary plaques 
was evaluated by using the Motoyama criteria (28). For each coro-
nary artery (left main, right coronary, circumflex coronary, ante-
rior descending coronary) one point was given if the characteristic 
was present. Hence, plaque remodeling was counted from 0 (ab-
sence) to 4 (presence in the four coronary branches). The same 
was done for hypodensity and presence of calcium spots. Napkin-
ring sign was identified by the presence of a ring of high attenua-
tion around the coronary artery plaque and ring attenuation 
presenting greater than those of the adjacent plaque and not 
greater than 130 Hounsfield units (29).

TL
TL was estimated according to a previously described method 

(30). Briefly, genomic DNA was extracted from leukocyte homog-
enate using Qiagen DNA extraction kit and TL determined by 
real-time RT-PCR. Amplification reaction was composed by 35 ng 
of DNA Sybr Mastermix (Invitrogen) and primers for telomere 
(forward 5′CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGG 
TTTGGGTT3 ’and backward 5′GGCTTGCCTTACCCTTACCCT-
TACCC TTACCCTTACCCT3′) and for housekeeping control, 
the 36b4, (forward 5′CAGCAAGTGGGAAGGTGTAATCC3 ’and 
backward 5′CCCATTCTATCATCAACGGGTACAA3′). Fluorescence 
detection was performed with Rotor-Gene 6000 (Corbett Re-
search). For each DNA sample, we performed three quantitative 
PCRs for telomere repeat sequence (T) and three for the refer-
ence single copy gene (S), that is, the 36b4 gene. The TL was esti-
mated by the average of the three T measurements divided by the 
average of the three S measurements. TL values were available 
for 51 of 59 subjects.

Statistical analysis
Data distribution was assessed for normality with the use of 

both histograms and the Shapiro Wilk test. Normally distributed 
data are presented as mean ± SD and nonnormally distributed 
data are presented in the form of median (interquartile range). 
Gaussian curves were created by nonlinear regression of the fre-
quency distribution. Proportional differences between groups 
were evaluated using chi-square. Mean differences between 
groups were evaluated with one-way ANOVA and ANCOVA where  

there was need for adjustments. Nonparametric data were com-
pared by using the Mann-Whitney unpaired t-test. To keep the 
comparison between middle-aged and elderly adults balanced 
and unsaturated, a propensity score was generated using age, sex, 
and variables that showed significant or marginal differences in 
the unadjusted comparison between these two groups: mean 
blood pressure, presence of diabetes, apoB, apoA-I, creatinine, 
triglycerides, and glucose. Hence, CEC values were compared be-
tween these two groups by ANCOVA adjusting for the propensity 
score. Statistical analyses were conducted using SPSS software ver-
sion 21.0 or Graph Pad Prism software (version 6.01).

RESULTS

The baseline demographic and clinical characteristics of 
elderly participants are summarized in Table 1. In agree-
ment with the overall demographics of this age group, 
most octogenarians in the study were women. To rule out 
comorbidities that could indirectly interfere with markers 
of atherosclerotic risk, such as cancer or inflammatory dis-
eases, we used strict selection criteria. Thus, as well as the 
absence of these diseases, lipid profile, glucose, uric acid, 
fibrinogen, CRP, and creatinine were within normal refer-
ence ranges. Calcium supplement plus bisphosphonate 
was used by eleven elderly subjects, whose individual char-
acteristics are reported in supplemental Table S1. Calcitriol 
was not used by any enrolled patient. The use of calcium 
plus bisphosphonate was not associated with CAC (P = 0.48). 

TABLE 1. Clinical characteristics and laboratory parameters of 
elderly subjects (n = 59)

Variable Elderly Subjects

Age (years) 86 ± 5
Male gender, n (%) 14 (24)
BMI (kg/m2) 25.9 ± 4.5
Systolic blood pressure (mmHg) 142 ± 18
Diastolic blood pressure (mmHg) 75 ± 11
Current smoking, n (%) 1 (1.6)
Physically active according to WHO, n (%) 18 (30)
Hypertension, n (%) 42 (70)
Type 2 diabetes, n (%) 16 (27)
Lipid lowering treatment, n (%) 17 (29)
Coronary calcium score, Agatston 99 (03856)
Subjects with CAC = 0, n (%) 19 (32.2)
Positive remodeling plaques, n (%) 23 (39)
Hypodense plaques, n (%) 29 (49)
Spotty calcified plaques, n (%) 26 (44)
Napkin-ring sign 10 (17)
FMD (%) 3.60 (1.077.40)
mean IMT (mm) 0.86 ± 0.16
TC (mg/dl) 192 ± 43
VLDL-C (mg/dl) 29 ± 13
LDL-C (mg/dl) 108 ± 38
ApoB (mg/dl) 81 ± 24
HDL-C (mg/dl) 54 ± 17
ApoA-I (mg/dl) 147 ± 25
TG (mg/dl) 131 ± 66
CRP (mg/L) 2.37 ± 1.78
Fibrinogen (mg/dl) 357 ± 63
Glucose (mg/dl) 103 ± 34
Uric acid (mg/dl) 5.25 ± 1.56
Creatinine (mg/dl) 0.95 ± 0.28

Normally distributed data are presented as mean ± SD and 
nonnormally distributed data are presented in the form of median 
(interquartile range). FMD, flow-mediated dilation; IMT, intima-media 
thickness; WHO, World Health Organization.
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Over 30% of the population had CAC = 0. The coronary 
calcium score distribution in male and female subjects is 
shown in supplemental Fig. S1. Table 1 also shows the pres-
ence or absence of remodeling, hypodensity, spotty calcifi-
cation, and napkin-ring sign, markers of unstable plaques 
in the arteries of analyzed subjects.

Overall, 39% of subjects (n = 23) had positive remodel-
ing plaques, 49% (n = 29) had hypodense plaques, 44%  
(n = 26) presented spotty calcified plaques, and 17% (n = 10) 
had napkin-ring sign. Nine subjects (15%) had all four vul-
nerable plaque markers.

To explore the potential relationship between serum 
CEC and CAC in the elderly subjects, we stratified CEC val-
ues between subjects with CAC = 0 and with CAC > 0 (31). 
As can be seen in Fig. 1, no significant difference was ob-
served between the two groups (average CEC ratio over 
standard serum was 1.47 ± 0.15 for CAC = 0, compared with 
1.40 ± 0.16 for CAC > 0; P = 0.09). We further stratified CEC 
values according to tertiles of CAC. We observed that CEC 
values at the first CAC tertile were higher compared with 
the second (P = 0.017) but not to the third tertile (supple-
mental Fig. S2).

We subsequently evaluated the relationship between se-
rum CEC and the presence of atherosclerotic plaques with 
positive remodeling, hypodensity, spotty calcification, or 
napkin-ring sign. Individuals were categorized depending 
on the absence or presence of vulnerable plaques markers 
and their serum CEC values were compared. As shown in 
Fig. 2, comparable CEC values were displayed by subjects 
negative or positive for arterial remodeling (average CEC 
ratio over standard serum was 1.41 ± 0.14 compared with 
1.45 ± 0.18, not significant, Fig. 2A), hypodensity (average 
CEC ratio over standard serum was 1.42 ± 0.15 compared 
with 1.43 ± 0.17, not significant, Fig. 2B) calcium spot (av-
erage CEC ratio over standard serum was 1.41 ± 0.16 com-
pared with 1.45 ± 0.16, not significant, Fig. 2C), and 
napkin-ring sign (average CEC ratio over standard serum 

was 1.42 ± 0.14 compared with 1.45 ± 0.25, not significant, 
Fig. 2D).

We also evaluated whether serum CEC is associated with 
TL in our population, considering that telomere shorten-
ing, occurring with aging, has previously been related to 
early markers of cardiovascular disease and subclinical ath-
erosclerosis (32, 33). Similar to what was observed for the 
parameters considered above, individuals with TL values 
under and over the median were not different in terms of 
serum CEC; average CEC ratio over standard serum was 
1.44 ± 0.16 and 1.40 ± 0.18 in subjects with TL values under 
and over the median, respectively (not significant, Fig. 3). 
No differences were detected by further stratifying CEC val-
ues by tertiles of TL (ANOVA, P = 0.968, supplemental Fig. 
S3). In addition, TL did not associate either with the mea-
sured markers of subclinical atherosclerosis (flow-medi-
ated dilation and intima-media thickness) or with CAC 
(data not shown).

Finally, we compared serum CEC values of elderly sub-
jects with those obtained from a cohort of sex-matched, car-
diovascular event-free, middle-aged individuals (n = 140) 
that we analyzed in a previous study (18), whose demo-
graphic and clinical characteristics are reported in Table 2.

As expected according to the established age-dependent 
variations of blood pressure (34), middle-aged individuals 
presented lower values of systolic blood pressure and higher 
values of diastolic blood pressure. Plasma levels of TC, 
LDL-C, apoA-I, and apoB were significantly higher and TG 
was significantly lower in middle-aged subjects, whereas 
both populations displayed similar HDL-C values. CEC 
values were significantly different between middle-aged 
adults and octogenarians in the unadjusted analysis. Notably, 
elderly subjects showed a markedly higher serum CEC 
compared with middle-aged adult subjects (average CEC 
ratio over serum standard was 1.25 ± 0.19 compared with 
0.96 ± 0.10; P < 0.0001; Fig. 4). This difference remained 
significant even after adjusting for the propensity score 
(P < 0.0001).

DISCUSSION

In the present study, we demonstrated that in healthy 
individuals aged 80 years or more (80–102 years), serum 
CEC does not associate either with atherosclerotic burden 
in the coronary arteries or with features of plaque vulnera-
bility. In addition, no relationship was detected between 
serum CEC and TL. Also, as a secondary endpoint, we 
made comparisons with a cohort of middle-aged subjects, 
finding that octogenarians present higher CEC.

It is important to note that the elderly subjects enrolled 
in our study, as well as lack of CVD, showed good nutri-
tional status and had no evidence of neoplastic disease. 
This thorough selection allowed for the avoidance of po-
tential confounding factors, the impact of which on cardio-
vascular risk factors is well documented (35).

In our previous paper involving a larger group of octoge-
narian individuals, we demonstrated that HDL-C indepen-
dently associates with severity of subclinical coronary artery 

Fig. 1. Stratification of CEC values with CAC = 0 or CAC > 0 in 
elderly subjects. Each point represents the mean of CEC values ob-
tained from an evaluation in triplicate of each serum sample. CEC 
values are expressed as a ratio over a standard serum as described in 
Methods section. Statistical significance was calculated by nonpara-
metric Mann-Whitney unpaired t-test. n = 19 subjects with CAC = 0 
and n = 40 with CAC > 0. ns, not significant.
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disease, whereas LDL-C does not (6). The current study 
adds new information, indicating that in very old subjects, 
HDL function measured by CEC is not related to tradi-
tional cardiovascular risk factors, such as CAC or character-
istics of vulnerable plaque. In addition, for the first time, 
we examined the association between serum CEC and TL, 
but found no relationship.

Serum CEC is a metric of HDL functionality that has 
been associated to atherosclerosis and cardiovascular dis-
eases in both a cross-sectional and longitudinal manner, 
indicating that this parameter may be used as a valid car-
diovascular risk biomarker independent of plasma HDL-C 
concentrations (36, 37). Notably, in most published CEC 
evaluations, apoB-depleted serum (HDL fraction) has 
been utilized, whereas in this study we used whole serum. 
This could be considered a limitation in the assessment of 
HDL functionality. Indeed, in sera with cholesterol levels 
in the normal range, which is the case of our study, previ-
ous observations indicate that cholesterol efflux from 
cAMP-treated macrophages to both whole and apoB-de-
pleted serum normally leads to similar results (38, 39). In 
our cohort, we did not find differences in CEC values in 
subjects with a CAC score = 0 and with CAC > 0, although a 
nonsignificant tendency of lower serum CEC in subjects with 
a CAC score > 0 was revealed. A further stratification by CAC 

tertiles revealed that subjects in the lowest tertile of CAC 
exhibited the same CEC as those in the highest tertile of 
CAC. Surprisingly, individuals in the intermediate tertile of 
CAC showed lower CEC than those in the lowest and the 

Fig. 2. Stratification of CEC values according to the absence (0) or the presence (≠ 0) of vulnerability plaque features in elderly subjects. 
Each point represents the mean of the values obtained from an evaluation in triplicate of each serum sample. CEC values are expressed as a 
ratio over a standard serum as described in Methods section. Statistical significance was calculated by nonparametric Mann-Whitney un-
paired t-test. (A: remodeling, B: hypodensity, C: spotty calcification, and D: napking-ring sign). n = 36 subjects with remodeling = 0 and n = 23 
with remodeling ≠ 0; n = 30 subjects with hypodensity = 0 and n = 29 with hypodensity ≠ 0; n = 33 subjects with calcium spot = 0 and n = 26 
with calcium spot ≠ 0; n = 49 subjects with napkin-ring sign = 0 and n = 10 with napking-ring sign = 1. ns, not significant.

Fig. 3. Stratification of CEC values according to telomere length 
(TL) values under and over the median in elderly subjects. Each point 
represents the mean of the values obtained from an evaluation in trip-
licate of each serum sample. CEC values are expressed as a ratio over a 
standard serum as described in Methods section. Statistical significance 
was calculated by nonparametric Mann-Whitney unpaired t-test. Me-
dian TL value = 79.16%. n = 26 subjects with TL values under the me-
dian and n = 25 with TL values over the median. ns, not significant.
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highest tertiles. We believe this pattern may represent a 
play of chance due to the limited number of subjects in the 
study. Previous works examined the association between CEC 
and coronary calcium; one recent study reported a reduc-
tion of HDL CEC in subjects with prevalent CAC (>0) (20),  
whereas other authors did not find any significant associa-
tion between the two parameters (17). In both studies the 
analyzed population consisted of middle-aged subjects; 
thus, the results may not reflect the situation in subjects 
over 80 years of age. Our data show in favor of the absence 
of a relationship between HDL functionality and CAC, 
which, for the first time, has been evaluated in individuals 
aged 80 years or more. However, because the posthoc 
power analysis (=39%) was not sufficient to discard a po-
tential mild difference between groups, this finding cer-
tainly deserves reevaluation in future, larger studies.

The lack of association between CAC and CEC could be 
explained by confounding factors differently affecting 
these parameters. Probably the main element to be consid-
ered is the divergence between the cumulative nature of 
the CAC and the dynamic nature of the CEC. Whereas the 
former corresponds to the entire 80 years or more of life of 

these individuals, CEC may reflect the function of HDL 
over a shorter time period. Lifestyle and medication use 
over a period of years may have had a stronger impact on 
atherosclerotic burden than HDL function, dampening a 
potential association between the two parameters. Statins, 
for example, are known to increase CAC (40) without af-
fecting CEC (41, 42). Although in our cohort, statin ther-
apy was not related either to CAC [median and interquartile 
range: 17 (0.0–763.5) and 119.5 (19.25–811.3) in users and 
nonusers respectively; P = 0.312] or to CEC (mean ± SD: 
1.45 ± 0.15 and 1.41 ± 0.17 in users and nonusers respec-
tively; P = 0.402), the present data is not sufficient to rule 
out this potential interaction.

The observation that octogenarians present significantly 
higher CEC compared with younger individuals is in con-
trast with a previous report from Berrougui et al. (43). 
These authors compared CEC of two small cohorts, dem-
onstrating that aging promotes phenotypic changes of 
HDL and impairment of their capacity to promote ABCA1-
mediated cholesterol efflux, particularly the one driven by 
the smaller HDL3 sub-population. In addition, Berrougui 
et al. showed that, differently from HDL3, the more mature 
particles HDL2 from elderly subjects did not reveal im-
paired function. We did not perform a structural character-
ization of HDL subpopulations in this present work, but 
based on the findings of Berrougui et al., we hypothesize 
that the HDL2 contribution to cholesterol efflux may com-
pensate for HDL3 impairment, possibly justifying the im-
proved CEC observed in our subjects. In addition, in the 
work of Berrougui et al., the isolation of HDL was per-
formed with ultracentrifugation that caused the elimina-
tion of nascent pre HDL particles, as the authors 
themselves state, particles that are well known to be effi-
cient acceptors of cholesterol released through ABCA1 
and ABCG1 (44, 45), both expressed in the cellular model 
that we adopted (18). Conversely, in our samples, it is con-
ceivable that pre HDL significantly contributes to in-
creased CEC by these mechanisms.

Given our results, we are tempted to speculate that im-
proved CEC may represent a beneficial process, protecting 
elderly individuals from cardiovascular events, thus possibly 
explaining the lack of relationship with atherosclerosis in 

TABLE 2. Demographic and clinical data of middle-aged individuals 
(n = 140)

Variable Middle-aged Subjects
P Compared  
with Elderly

N 140
Age 56 ± 11 <0.0001
Male gender, n (%) 33 (24) 0.98
BMI (kg/m2) 25.7 ± 4.8 0.81
Systolic blood pressure  

(mmHg)
112 ± 13 0.0001

Diastolic blood pressure  
(mmHg)

90 ± 9 0.0001

TC (mg/dl) 210 ± 30 0.003
LDL-C (mg/dl) 139 ± 28 0.0001
ApoB (mg/dl) 99 ± 24 0.0001
HDL-C (mg/dl) 51 ± 10 0.31
ApoA-I (mg/dl) 167 ± 31 0.0001
TG (mg/dl) 97 ± 38 0.0001
Glucose (mg/dl) 97 ± 10 0.17
Creatinine (mg/dl) 0.88 ± 0.16 0.0001

Statistical significance of middle-aged subject parameters is 
calculated versus the corresponding value reported in Table 1 for 
elderly subjects by nonparametric Mann-Whitney unpaired t-test.

Fig. 4. Histograms of CEC values with the Gaussian 
curves created by nonlinear regression of the fre-
quency distribution. Elderly subjects (white bars and 
dashed lines) are interleaved with middle-aged sub-
jects (black bars and continuous lines).
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these subjects. However, a conclusive statement should be 
supported by a comparison of the CEC values of octogenar-
ian subjects with cardiovascular disease as well with the CEC 
values of their descendants. We are well aware that a major 
limitation of the comparison of the two populations in-
cluded in this study is the different ethnicity. Although most 
of the white elderly subjects in this study are first and second 
generation European descendants who migrated to Brazil in 
the last century, we cannot rule out that the observed differ-
ence is related, at least in part, to this. In this regard, little is 
known about the impact of race on serum HDL CEC at this 
time. A recent study specifically designed to compare HDL 
functionality in South Asians and Caucasians failed to dem-
onstrate any difference, whereas Rohatgi et al. (17), by in-
vestigating the epidemiology of CEC in a large cohort from 
the Dallas Heart Study, observed that CEC was significantly 
lower in blacks than whites. In the future, properly designed 
studies are warranted to clarify this point.

In the present study we utilized CAC scoring as a risk-strat-
ification tool because it is known to be useful in both middle-
aged and elderly subjects. It has also been shown that in the 
elderly, elevated CAC is an independent predictor of cardio-
vascular events (46). Additionally, telomere shortening, con-
sidered a marker of biological aging, has been linked to 
age-related diseases such as atherosclerosis and identified as 
a predictor of its clinical outcomes (32). We did not find a 
correlation between TL and the markers of subclinical ath-
erosclerosis flow-mediated dilation and intima-media thick-
ness, in line with previous findings (32). In our population, 
we did not find an association between TL and coronary cal-
cification either. This is in contrast with the literature, where 
a relationship between these two parameters has emerged 
(47, 48). However, this relationship has never been studied 
in the elderly; thus, it is possible that, similar to TC, the pre-
dictive power of TL is lost for those at very old age, further 
strengthening the concept that identifying risk factors in this 
specific population is difficult. For this reason, further studies 
are needed to more deeply investigate this aspect.

In our subjects, even the association between TL and 
outcomes of plaque remodeling is inconsistent. Whether 
this observation is related to the characteristics of enrolled 
subjects or reflects the absence of interrelationship among 
these outcomes is still to be clarified. The former hypothe-
sis could be supported by the observation that aging drives 
the loss of well-established associations among cardiovascu-
lar outcomes (5). The latter could be investigated by evalu-
ating CEC, TL, and remodeling indexes in different cohorts 
of patients. To the best of our knowledge, these associa-
tions have not been evaluated yet, either in middle-aged 
subjects or in elderly patients with chronic diseases.

In conclusion, similar to the report by Mutharasan et al 
(49), our study failed to associate the atheroprotective pa-
rameter of serum CEC with indexes of atherosclerosis in 
very old subjects. As also suggested by these authors, it is 
possible to speculate that CEC plays a more protective role 
in the initial stages of atherosclerosis, thus explaining why 
associations of CEC with subclinical atherosclerosis and 
cardiovascular events are more evident in younger popula-
tions. However, our original observation that people reach-

ing old age in healthy condition seem to have significantly 
higher CEC compared with a healthy, middle-aged popula-
tion offers a hint of great interest. Whether CEC represents 
the cause or is simply a marker of such healthy longevity 
needs to be further investigated.

The authors are grateful to Dr. Arrigo Cicero and Prof. Claudio 
Borghi (both from the University of Bologna, Italy) for providing 
the serum samples of the middle-aged subjects.
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