
Key points

• The comprehensive, multidisciplinary syncope service
for older people has high diagnostic rates.

• Vasovagal syncope is a frequent cause of blackouts in
older people.

• Syncope services led by geriatricians have advantages for
older people.
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Ageing and endothelial progenitor cell
release of proangiogenic cytokines

SIR—Circulating endothelial progenitor cells (EPCs) are
widely recognised to contribute to the reparative process of
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the vascular endothelium and participate in angiogenesis [1].
Although declines in the circulating population of EPCs are
associated with poor cardiovascular disease prognosis and are

predictive of future adverse cardiovascular events [2], trans-
plantation of ex vivo expanded EPCs into the coronary artery
can rescue ischaemic tissue and significantly improve coron-
ary function in patients with myocardial infarction [3]. The
angiogenic potential of these cells can be explained, in part,
through their ability to home to local sites of ischaemia and
vascular damage and secrete potent proangiogenic factors,
such as cytokines, chemokines and growth factors, which
are integral in promoting new blood vessel formation and re-
pair. For example, both vascular endothelial growth factor
(VEGF) [4] and granulocyte-colony stimulating factor (G-
CSF) [5] stimulate recruitment and migration of EPCs from
the bone marrow, inhibit apoptosis and support the angio-
genic capacity of mature endothelial cells [6, 7]. In addition,
interleukin (IL)-8, a proangiogenic cytokine, has been shown
to attract EPCs to infarcted tissue and enhance the effect of
G-CSF to mobilise progenitor cells from the bone marrow
[8–10]. In older adults, endothelial injury and compromised
EPC-mediated vascular repair are thought to contribute to
atherosclerosis [11]. We have previously reported that EPC
colony-forming capacity, migration and telomere length de-
cline with ageing [12, 13]. In the present study, we tested
the hypothesis that the capacity of circulating EPCs to release
proangiogenic cytokines declines with age in healthy adults.

Table 1. Selected subject characteristics

Variable Young Older
(n = 17) (n = 20)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years) 25 ± 1 61 ± 1*
Body mass (kg) 79.8 ± 2.5 84.9 ± 2.0*
BMI (kg/m2) 24.1 ± 0.6 26.8 ± 0.5*
Body fat (%) 15.5 ± 1.1 27.0 ± 1.1*
Waist circumference (cm) 82.8 ± 1.4 95.7 ± 1.6*
Systolic BP (mmHg) 113 ± 3.0 127 ± 1.7*
Diastolic BP (mmHg) 68 ± 1.7 77 ± 1.4*
Total cholesterol (mmol/l) 4.1 ± 0.3 5.1 ± 0.2*
LDL cholesterol (mmol/l) 2.5 ± 0.1 3.4 ± 0.1*
HDL cholesterol (mmol/l) 1.2 ± 0.1 1.3 ± 0.1
Triglycerides (mmol/l) 1.1 ± 0.1 1.3 ± 0.1
Glucose (mmol/l) 4.7 ± 0.1 5.3 ± 0.1*
Insulin (pmol/l) 32.7 ± 3.6 36.5 ± 4.0
HOMA-IR 1.1 ± 0.2 1.4 ± 0.2

BMI, body mass index; BP, blood pressure; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of
insulin resistance. Values are mean ± SEM. *P < 0.05.
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Figure 1. PHA-stimulated EPC release of proangiogenic cytokines G-CSF (A), VEGF (B), IL-8 (C) and IL-17 (D) from young
and older men. Values are mean ± SEM. *P < 0.05.

Research letters

269



Methods

Peripheral blood samples were collected from 37 healthy, sed-
entary adults: 17 young (age range: 21–34 years) and 20 older
(age range: 56–70 years) men. All subjects were non-obese
(body mass index, BMI ≤ 30 kg/m2), normotensive, non-
smokers, non-medicated and free of overt cardiovascular,
metabolic and haematologic disease, as assessed by medical
history, resting and exercise electrocardiograms, and fasting
blood chemistries. Prior to participation, all of the subjects
provided written informed consent according to the guide-
lines of the University of Colorado at Boulder.

Putative EPCs were isolated and identified from periph-
eral blood as previously described [12]. Briefly, peripheral-
blood mononuclear cells were isolated by Ficoll density-gra-
dient centrifugation (Histopaque 1077, Sigma) and plated on
six-well plates coated with human fibronectin (BD Bios-
ciences) for 48 h. Thereafter, non-adherent cells were
collected and 5 × 105 cells were seeded onto 24-well fibro-
nectin-coated plates (BD Biosciences). Endothelial
phenotype of these cells was confirmed by immunofluores-
cent staining for the uptake of DiL-ac-LDL and expression
of VE-cadherin, vonWillebrand factor, CD31 and VEGFR-2
[14]. In addition, fluorescent-activated cell sorting analysis
utilising endothelial-specific antibodies was performed in se-
lected samples. To determine cytokine release, cells were
incubated in growth medium in the absence and presence
of the stimulant phytohemagglutinin (PHA; 10 μg/ml) for
72 h. Concentrations of the proangiogenic cytokines VEGF,
G-CSF, IL-8 and IL-17 in the medium were determined by
enzyme immunoassay (R&D Systems, Minneapolis, MN).
The growth medium, without EPCs, did not contain meas-
urable amounts of angiogenic growth factors.

Group differences for all variables were determined by
between-group analysis of variance. Relations between
variables of interest were assessed by means of linear
and stepwise regression analyses. Analysis of covariance
(ANCOVA) was performed with the variable of interest
serving as the covariate. Data are reported as mean ±
SEM. Statistical significance was set at P < 0.05.

Results

Selected subject characteristics are presented in Table 1. Al-
though within clinically normal levels, most haemodynamic
and metabolic indices tend to be higher in older compared
with young men.

There were no significant differences in basal release of
VEGF (22.7 ± 2.1 vs 28.0 ± 4.9 pg/ml), G-CSF (43.1 ±
4.9 vs 38.9 ± 5.7 pg/ml), IL-8 (7.3 ± 1.4 vs 5.9 ± 1.0 ng/
ml) and IL-17 (10.6 ± 0.7 vs 12.4 ± 1.0 pg/ml) by EPCs from
young and older men. PHA stimulation resulted in increased
concentrations of proangiogenic cytokines in the medium
from EPCs isolated from both groups. Stimulated EPC re-

lease of VEGF (110.4 ± 15.1 vs 101.8 ± 11.9 pg/ml), IL-8
(94.6 ± 13.2 vs 108.4 ± 10.2 ng/ml) and IL-17 (293.6 ±
102.4 vs 360 ± 70.6 pg/ml) were not different between the
young and older subjects (Figure 1). However, the amount of
G-CSF released was ~45% lower (P < 0.05) in older (954.3 ±
115.3 pg/ml) compared with young (1676.8 ± 304.4 pg/ml)
men (Figure 1). In the overall study population, significant (all
P < 0.05) univariate correlations were observed with percent
body fat (r = −0.46) and low-density lipoprotein (LDL) chol-
esterol (r = −0.34) and PHA-stimulated G-CSF release.
Stepwise regression analysis identified percent body fat as
the primary determinant of G-CSF release (R2 = 0.21). How-
ever, the main effect of age persisted after statistically
(ANCOVA) controlling for percent body fat.

Discussion

The main finding of the present study is that the capacity of
EPCs to release the proangiogenic cytokine G-CSF is sig-
nificantly reduced in healthy older men. EPC release of
VEGF, IL-8 and IL-17, however, is not depressed with ad-
vancing age. Reduced EPC-mediated secretion of G-CSF
may contribute to deficient vascular repair and regeneration
that is characteristic of advancing age.

Several studies have demonstrated the importance of
proangiogenic cytokines, particularly G-CSF, for promoting
EPC-mediated angiogenesis in response to vascular injury.
For example, in animal models of myocardial infarction
and limb ischaemia, treatment with G-CSF limits tissue
damage, enhances vascular repair, stimulates new vessel for-
mation and restores coronary function [15–17]. Clinically,
G-CSF administration after myocardial infarction has been
associated with improvements in coronary perfusion, ejec-
tion fraction and limits left ventricular remodelling [18,
19]. The angiogenic efficacy of G-CSF treatment is mediated,
in part, through recruitment and mobilization of haematopoi-
etic stem cells and EPCs from the bone marrow into the
peripheral circulation [5, 20]. Moreover, G-CSF stimulates
migration and homing of EPCs to local sites of vascular injury,
promotes EPC proliferation and differentiation into a mature
endothelial phenotype and enhances cell survival [1, 20]. With
respect to human ageing, there is evidence of diminished G-
CSF-mediated vascular repair and angiogenesis. Lehrke et al.
[21] demonstrated that the favourable effects of G-CSF treat-
ment on cardiac remodelling and regeneration following
experimental myocardial infarction are blunted with advan-
cing age. The results of the present study demonstrating
significantly blunted (~45%) EPC G-CSF release may also
contribute, at least in part, to reduced angiogenic potential
and neovascularization capacity in older adults, as well as de-
creased efficacy of autologous transplantation of ex vivo
expanded EPCs from older adults for cytokine- and cell-
based therapeutic angiogenesis [22].

Although, in the present study, we investigated a select
few proangiogenic cytokines, proteomic analysis reveals
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that EPCs secrete ~250 different soluble factors with
potent paracrine effects in vitro [23]. Indeed, it is now
recognised that the release of proangiogenic paracrine fac-
tors is a primary means by which EPCs orchestrate their
reparative and protective effects on vascular endothelium
and cardiac tissue [24]. However, the influence of advan-
cing age on the global release of proangiogenic factors or
the ‘secretome’ from EPCs is unclear. The use of proteo-
mics to characterise the secretome may provide further
insight into the differential effect of ageing on EPC cyto-
kine release. This area represents a fertile ground for
future research as alterations in the secretome profile of
EPCs may be a key determinant of their reduced angio-
genic capacity with age.

A number of experimental considerations regarding the
present study should be mentioned. Firstly, as with all
cross-sectional experimental designs, we cannot ignore the
possibility that genetic and/or lifestyle behaviours influ-
enced the results of our study. We attempted to minimise
potential lifestyle influences by studying healthy men across
the adult age range who were non-medicated, non-smokers
and not habitually physically active. Secondly, our study in-
volved men only, limiting the generalizability of our results.
Oestrogen has been shown to affect both circulating EPC
number and function [25] and upregulates VEGF gene
expression in EPCs [26]. Thus, the impact of age on EPC
release of proangiogenic cytokines may differ in women.
Thirdly, there is no agreed-upon method of EPC isolation,
identification and cultivation. Some studies have used pro-
longed ex vivo culture for >14 days which yields a cell
population with an endothelial cell-like phenotype [27].
However, extensive culture time under endothelial cell dif-
ferentiation-specific culture conditions may yield cells with
little in vivo or clinical relevance. We chose to avoid this ap-
proach to limit phenotypic drift away from the in vivo state.
In addition, we used well-characterised immunofluorescent
markers to identify putative EPCs with proven functional
and clinical utility [28, 29].

In conclusion, advancing age is associated with a marked
reduction in the capacity of EPCs to release the potent an-
giogenic cytokine G-CSF. The ability of EPCs to release
other proangiogenic cytokines such as VEGF, IL-8 and
IL-17 is, however, preserved in older adults. Impaired re-
lease of G-CSF may contribute to limited vascular
regenerative capacity of EPCs with increasing age. Further
studies of the EPC secretome are required to better under-
stand, and more comprehensively address, the influence of
ageing on EPC biology.

Key points

• Diminished endothelial progenitor cell (EPC)-mediated
vascular repair is thought to contribute to the increased
risk of atherosclerosis with age.

• EPCs originate from the bone marrow and home to sites
of vascular damage/injury and contribute to vascular re-
pair, initiating reendothelialization and neovascularization.

• Currently, it is unknown whether the ability of EPCs to
release proangiogenic factors is also impaired with age. If
so, this may contribute to reduced EPC-mediated vascu-
lar repair associated with ageing.

• Our results demonstrate that EPCs from older, healthy
sedentary men have a diminished capacity to release G-
CSF compared with young controls.

• Interestingly, the ability of EPCs harvested from older
men to secrete VEGF, IL-8 and IL-17 was preserved;
this suggests that ageing, per se, may differentially affect
the release of proangiogenic factors.
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Height and intelligence in the Lothian Birth
Cohort 1921: a longitudinal study

Introduction
The relationship between height and intelligence has long
been subject to investigation [1–5]. Life-long levels for both
height and intelligence emerge during childhood develop-
ment. Although both height and IQ are highly heritable
with demonstrable genetic associations [6, 7], distinct envir-
onmental contributions are also evident [8, 9]. Early studies
considered both height and IQ to be outcomes of social dis-
advantage in [10]; however, the relationship between height
and IQ in childhood is not fully explained by shared effects
of social class or putative in utero programming [11]. Height
in middle age predicts cognitive performance in old age
[12] when not controlled for the direct influence of child-
hood IQ on later life cognition [13]. Hitherto, relationships
between height and intelligence have focussed on height as
a developmental outcome. However, with the advent of
mass population ageing, a new cause of changes in height
becomes of increasing importance: changes occurring sec-
ondary to degenerative diseases of old age [14]. There is a
paucity of evidence on factors influencing change in height
in old age [15, 16], and relationships to intelligence fall
under the emerging discipline of cognitive epidemiology
[17, 18] including, as noted above, height in middle age [5].

Longitudinal studies are necessary to investigate the rela-
tionship between height and intelligence in older adults
because age differences in height derived from cross-sectional
studies can be the result of differential secular influences
among cohorts [19–21]. Using such a longitudinal design
across seven decades, we studied the associations of IQ,
height and life-time IQ change in a sample first assessed for
IQ at age 11.

Methods

Sample

The sample comprised Lothian Birth Cohort 1921
(LBC1921) participants with unique IQ data collected at
age 11 [18] who were seen at 79 and 87 years of age
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