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Elderly represents a growing population and cardiovascular diseases (CVD) is one
of the leading causes of mortality in this population. Sex differences are involved in
CVD with middle-aged males being at higher risk than females. After menopause,
females are no longer protected by hormones and the role of sex on
cardiovascular parameters involved in CVD, such as endothelial function and
blood viscosity, is still unclear. The purpose of this study was to investigate the
effect of sex on endothelial function, blood viscosity and CVD in elderly. Clinical
investigation and blood analyses were performed on 182 (93 females and
89 males) elderly participants (mean age: 75.83 + 1.22). Health status of
participants were classified. Sex differences in endothelial function, blood
viscosity, high density lipoprotein (HDL), hematocrit, and red blood cell (RBC)
aggregation were assessed. CVD prevalence was higher in males (27.0%) than in
females (5.4%) (p < 0.001). Females had higher vasoreactivity (p = 0.014) and HDL
(p < 0.001) level than males. Blood viscosity was higher in males than in females at
any shear rate (p < 0.001). Hematocrit was greater in males than in females (p <
0.001) while RBC aggregation did not differ between the two populations. To
conclude, females have less CVD than age-matched males that might be due to
their greater vascular function and lower blood viscosity.

KEYWORDS

cardiovascular health, aging, cardiovascular disease, sex effect, hemorheology

1 Introduction

Elderly represents a growing population in industrialized country particularly exposed to
cardiovascular diseases (CVD) which remain the leading cause of death in western societies
(Alexander et al., 2007). The risk of CVD, such as atherothrombotic disease, increases over the
years (Alexander et al., 2007). This association between the increased risk of CVD and the rise
in life expectancy led to challenges for public health and cardiovascular medicine. Although the
elderly population continuously increases among patients (Alexander et al.,, 2007), elderly
(>65 years) patients are under-represented in clinical trials. Learning societies report that only
10% of clinical trials’ participant are aged over 75 years old (Alexander et al,, 2007). As a result,
elderly population is more exposed to cardiovascular risk factors and less likely to receive the
most efficient care and support. In this context the longitudinal cohort study “PROgnostic
indicator OF cardiovascular and cerebrovascular events” (PROOF) has been conducted
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(Barthélémy et al., 2007; Raberin et al., 2020a) (1,011 elderly subjects,
mean age upon study inclusion: 65.64 + 0.8). Previous results on this
cohort after a 10-years follow-up (mean age: 75.80 + 1.2) reported an
independent sex effect on several cardiovascular risk high density
lipoprotein factors such as oxidative stress markers and high density
lipoprotein (HDL) level (Raberin et al., 2020a). In this population of
75 years old, females had less cardiovascular risks and were less
affected by CVD. This result highlight that even though women
were menopaused and less protected by the effects estrogen (Novella
et al,, 2012), they are still more protected than men long time after
menopause ended. Young and middle aged women are known to
benefit from the protective role of estrogen on cardiovascular system
(Merz and Cheng, 2016). However, the loss of hormone protective
effect at menopause makes them more at risk after this period (Nappi
et al., 2022). Hence, stiffer arteries in postmenopausal women have
been reported compared to men (Mitchell et al., 2008). The exact
benefit of previous exposure to estrogen remains unclear with an
estimated loss of hormone-related cardio protection around 10 years
after menopause (Nappi et al., 2022). In this context, the lower CVD
and cardiovascular risk factors at 75.80 years old in women (Raberin
etal,, 2020a) suggested that benefit from previous long-term exposure
to estrogen or sex-related cardiovascular protection still exist.

CVD are commonly associated with increased arterial stiffness
and/or impaired vascular function. However, hemorheological
properties also play a key role in the development and progression
of vascular disorders and dysfunction (Cho et al., 2014). Both, blood
viscosity and aging are associated with delayed or blunted flow-
mediated dilation in middle age individuals (mean age 58.4 years)
(Trace et al., 2015). Although aging is characterized by a decrease in
hematocrit (Hct) after 80 years, a rise in blood viscosity was also
observed and mainly due to increased RBC aggregation and to a lower
extent to the rise in plasma viscosity (Raberin et al, 2022).
Unfortunately, although playing a determinant role in blood
perfusion, blood viscosity properties are scarcely investigated in the
context of CVD (Baskurt and Meiselman, 2003; Celik et al., 2016) and
more particularly in elderly population. Apart the already described
lower Hct in women (Gudmundsson and Bjelle, 1993), sex-related
difference in blood viscosity and its determinants remain to be fully
characterized. One previous study reported lower blood viscosity,
RBC deformability and Hct in obese middle-aged women compared
to matched men (Wiewidra et al., 2010). Whether blood viscosity and
vascular function could be better preserved in post-menopausal
females than in males of 75 years old and participate to the lower
prevalence of CVD is unknown.

The aim of the present study was to compare vascular function,
blood viscosity and the prevalence of cardiovascular diseases in a
population aged of 75 years old who belonged to the PROOF cohort
(Raberin et al., 2020a). We hypothesized that elderly males would
have lower vascular reactivity, higher blood viscosity, and would
exhibit a higher prevalence of CVD compared to females.

2 Materials and methods

2.1 Protocol

The present study was part of the PROOF study which originally
included 1,011 elderly subjects from the electoral list of the city of
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Saint-Etienne (France) aged of 65 years old upon study inclusion.
Subjects with previous cardiovascular events, Parkinson’s disease,
type 1 diabetes, or with life-expectancy of less than 5 years, and those
who were dependent or living in a retirement home were excluded
from the study (Barthélémy et al., 2007). The PROOF study was
approved by the Ethics Committee (CCPRB, Loire, France), the
National Committee for Information and Liberty (CNIL) gave its
consent for data collection (NCT 00759304), and all subjects gave
their written informed consent.

A follow-up was implemented every 2 years for 10 years. A new
collection of clinical complications and biomarkers was done in
2010-2011 on volunteers (mean age: 75.83 + 1.22) (Raberin et al.,
2020a). Hemorheological properties and endothelial function
measurements were performed on a subset of 182 subjects
(93 females, 89 males).

2.2 Clinical examination and vascular
function

During each clinical evaluation, blood was sampled from the
antecubital vein after 12h of fasting. Then, medical histories,
examination, and treatment were recorded. Missing information
was received from hospital charts, reviews, and questionnaires sent
to the practitioners of the family. Health status of participants were
classified by physicians among healthy, cardiovascular, cancer, or
neurodegenerative disease.

Vascular function was assessed during the clinical
examination by vascular reactivity using digital tonometry
(EndoPAT, Itamar Medical, Atlanta, United States) (Hansen
et al., 2017). This technic allows the calculation of the reactive
hyperemia index (RHI) from peripheral arterial tonometry,
which assessed digital volume changes occurring with pulse
waves. Briefly, probes comprising a system of inflatable latex
air cuffs connected by pneumatic tubes to an inflating device were
placed on the middle finger of participants’ hand. Pulsatile
volume changes of the distal digit induced pressure alterations
in the finger cuff, which were sensed by pressure transducers
(Hamburg and Benjamin, 2009). A reactive hyperemic protocol
was applied as follow. After 5 min baseline measurement, a blood
pressure cuff on the test arm was inflated to 80 mmHg above
baseline systolic blood pressure and at least 200 mmHg for 5 min.
After 5min occlusion, the cuff was deflated, and the signal
recorded for 5min. The ratio of the peripheral arterial
tonometry signal after cuff release compared with baseline was
calculated through a computer algorithm automatically
normalizing for baseline signal and indexed to the contra

lateral arm (Figure 1). The calculated ratio reflects the RHI.

2.3 Blood samples analysis

Cholesterol enzymatic method was used to measure HDL after a
selective immune separation in homogenous phase (Cobas Integra
400+ analyzer, Roche Diagnostics Gmbh, Mannheim, Germany)
(Bachorik et al., 1988).

Hematocrit (Hct) level was determined by microcentrifugation
of glass capillaries filled with blood (Baskurt et al., 2009). Blood
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Test arm

5’ baseline

FIGURE 1

5’ occlusion

5’ reperfusion

Typical signals obtain during the vascular function evaluation. After 5 min baseline measurement, a blood pressure cuff on the test arm was inflated
for 5 min. After 5 min occlusion, the cuff was deflated, and the signal recorded for 5 min of reperfusion.

TABLE 1 Repartition of males and females in the medical status.

Healthy Cancer CVD Neurodegenerative
Females (93) | 86.0% (80) | 5.4% (5) | 54% (5) | 3.2% (3)
Males (89) | 69.7% (62) ' 3.4% (3) | 27.0% (24) = 0.0% (0)

CVD, cardiovascular diseases; X* (3) = 18.15, p < 0.001.

viscosity was determined after complete blood oxygenation, at
native hematocrit and different shear rates (22.5, 45, 90 and
225s7") using a cone-plate viscometer (Brookfield DVII+ with
CPE40 spindle, Brookfield Engineering Labs, Natick, MA). Red
blood cell (RBC) aggregation was measured by light transmission
with the Myrenne aggregometer (Schmid-Schonbein et al., 1990).
Before measurement, the suspension was sheared at 600s™ to
dissociate pre-existing aggregates and Hct of the suspension was
standardized to 40% to avoid any influence of the concentration of
red blood cells on RBC aggregation. After pre-existing RBC
aggregates were dissociated, shearing was either stop or decreased
to 10 s™" in order to determine two indices of RBC aggregation: M
index: RBC aggregation at stasis; M1 index: RBC aggregation at low
shear rate. Hemorheological analyses were performed within 30 min
after blood sampling to avoid any blood alteration (Baskurt et al.,
2009).

2.4 Statistical analysis

All statistical analyses were performed using SPSS software
(Chicago, IL, United States). Chi’ test was used to analyze the
distribution of medical status. Quantitative data were compared
using a Student f-test or a signed-rank test of Mann-Whitney
according to the normality of the distribution of the data, which
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was assessed by a Shapiro-Wilk test. A p-value < 0.05 was
considered statistically significant.

3 Results

The repartition of males and females in each medical status was
significantly different [X*(3) = 18.15, p < 0.001, Table 1]. CVD were
the most frequent diseases in the cohort and CVD frequency was
5 times higher in males than in females (p < 0.001).

Sex differences were observed concerning RHI and lipid
biochemical parameters. Females had higher RHI (p = 0.014),
HDL (p < 0.001) and LDL (p = 0.007) levels than males
(Figure 2). The lower LDL/HDL ratio in females compared to
males did not reach statistical significance (p = 0.078).

Blood viscosity was higher in males than in females at all shear
rates (p < 0.001). Among determinants of blood viscosity, only Hct
differed among sex, with a significantly higher Hct in males than in
females (p < 0.001) (Figure 3).

4 Discussion/conclusion

The purpose of this study was to investigate sex-related
differences in vascular function and blood viscosity and to
compare the prevalence of cardiovascular diseases between
elderly females and males.

Although the loss of sexual hormone cardioprotective effect in
females after menopause should lead to an increased risk of CVD,
females still had a lower prevalence of CVD than males (Raberin
et al., 2020a). One could hypothesize that previous exposure to
estrogen could have reduced vascular aging, and hence, that females
would benefit from delayed vascular aging after menopause (Novella
et al,, 2012). A smaller age-related increase in arterial stiffening in
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FIGURE 2
Reactive hyperemia index and lipoproteins. Data are mean + SD. HDL, high density lipoprotein; LDL, low-density lipoprotein; RHI, reactive
hyperemia index. LDL/HDL ratio values refer to the right axis. Significantly different between males and females: *p < 0.05, **p < 0.01, ***p < 0.001
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Blood viscosity and its determinants. Data are mean + SD. M index: aggregation at stasis, M1 index: aggregation at low shear rate. Significantly
different between males and females ***p < 0.001.
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females than in males was reported and ascribed to sex hormones
differences (Astrand et al., 2011). Moreover, endothelial dependent
vasodilation, measured by flow mediated dilation, has been shown to
decline earlier in males than in females but a step decrease was
reported at the time of menopause (Celermajer et al., 1994). Indeed,
in the present study, females also exhibited higher vascular reactivity
measured by reactive hyperemia than males. The greater RHI could
be, at least partly, explained by the higher HDL and the trend toward
lower LDL/HDL ratio in females. In addition to serving classic
functions in cholesterol homeostasis and reverse cholesterol
transport, it has been reported that HDL promote the production
of NO (Besler et al., 2012). HDL have a protecting effect against
alteration of endothelial NO synthase due to oxidized LDL (Besler
etal., 2012). HDL also directly stimulate endothelial NO synthase by
phosphorylation at serine residue-1177 which explain the impact of
HDL on NO production (Besler et al., 2012). Hence, NO
bioavailability could be higher in elderly females especially
considering that it was previously reported in the full PROOF
cohort that females had less oxidative stress and higher HDL
than males (Raberin et al., 2020a).

Another explanation of the greater vascular health and lower
prevalence of CVD in females could be attributed to the difference in
blood flow properties, which may be involved in the expansion of
vascular dysfunction (Cho et al., 2014). The present study reports
that females had lower blood viscosity at high and low shear rates
than males. This should have induced less stress on endothelial wall
and greater blood perfusion. The higher blood viscosity found in
males, in a context of a lower vascular reactivity, would lead to
increased vascular resistance, promoting endothelial damages,
increased blood pressure and decreased blood perfusion. This
may increase the risk of a self-perpetuating cycle involving
increased blood pressure and arterial stiffening ultimately leading
to CVD. Moreover, decreased blood perfusion is also involved in the
pathophysiology of many age-related diseases, such as brain diseases
or coronary diseases. The lower blood viscosity in females may be
attributed to the lower hematocrit (Raberin et al., 2022). Although a
decline in Hct occurred during aging, it appears mainly in advanced
age (80 years old) (Raberin et al., 2022). Males and females of the
present study were unlikely to exhibit an aged-related decline in Hct
with values being withing the normal population range (41%-51%
and 36%-44% for males and females, respectively). Increased RBC
aggregation may also disturb blood flow in both the macro- and
microcirculation, and has been shown to increase the risk of
atherothrombosis complications (Raberin et al., 2022). Previous
studies in elderly showed that aging was characterized by a slight
increase in RBC aggregation (Raberin et al., 2022). The increased
fibrinogen concentration related to silent inflammation and/or the
decrease in RBC membrane sialic acid occurring with aging may lead
to higher RBC aggregation (Raberin et al., 2022). However, age-
related increased in RBC aggregation was not observed in the
present study, as elderly people values were comparable to
younger population (Raberin et al., 2020b). Our results show that
RBC aggregation level is not affected by sex in 75 years old
individuals and suggest that it would not play a role in the
CVD RBC
deformability, another determinant of blood viscosity, was not

greater risk found in males. Unfortunately,
investigated during this study making it difficult to conclude on

its role in the observed sex-related difference.
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In conclusion, the better vascular function, greater HDL, and
lower blood viscosity in elderly females could participate in
decreasing the risk of CVD in females compared to age-matched
males.
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