
Cardiovascular risk and aging: the need for a more comprehensive
understanding

Ljiljana Trtica Majnarić1,2,3,4, Zvonimir Bosnić1,2,3,4, Tomislav Kurevija1,2, Thomas Wittlinger5,✉

1. Faculty of Medicine, University Josip Juraj Strossmayer, Osijek, Croatia; 2. Department of Internal Medicine, Family Medicine
and the History of Medicine, Osijek, Croatia; 3. Faculty of Dental Medicine, University Josip Juraj Strossmayer, Osijek,
Croatia; 4. Department of Public Health, Osijek, Croatia; 5. Asklepios Harzkliniken, Department of Cardiology, Goslar,
Germany
✉ Correspondence to: dr.wittlinger@gmx.de
https://doi.org/10.11909/j.issn.1671-5411.2021.06.004

 

  

T he first half of the 20th century was marked
by a shift in morbidity and mortality pat-
terns in industrialized countries all over

the world, moving from the leading role of infec-
tious diseases to the increasing role of chronic, non-
communicable diseases. In particular, cardiovascular
disease (CVD) has been an important cause of mor-
bidity and mortality, with coronary heart disease
(CHD) being the leading cause of death. The primary
reason for this transition was the discovery of anti-
biotics and vaccines, the widespread use of which
has led to a decline in infectious diseases and increase
in life expectancy and population aging.[1]

Initiatives to improve the understanding of CVD’s
etiology led to the establishment of the first population-
based cohort study for assessing the factors related
to the development of CVD. It was the Framingham
Heart Study, which was established in Massachusetts
state, in the United States, in the middle of the 20th
century, and is still continuing.[2] The results of this
study have provided important insights into factors,
both biological and environmental, that are independent
predictors of the onset of CVD. These factors are
known as “classical or traditional cardiovascular
(CV) risk factors” (Table 1). Many of these factors
have been considered to be consequences of the life-
style’s changes associated with urbanization and in-
dustrialization. This assumption has led to the idea
that by ameliorating these factors at both individual
and population levels, it should be possible to combat
the epidemic spread of CVD.[3]

The classical CV risk factors, as defined in the

Framingham Heart Study, were used to create the
first integrated CV risk prediction score, thus lay-
ing the foundation for the development of strategies
for primary CVD prevention.[3] By using the CV risk
prediction score, the absolute risk of developing
CVD within a determined future period can be estimated
more precisely than by simply summing the indi-
vidual risk factors. This has enabled those individuals
who have increased CV risk and who are likely to
benefit from the application of preventive meas-
ures, to be selected from the general population.
Subsequently, evidence has been emerging for the
existence of different CV risk factors, other than the
classical risk factors, which have been shown to add
value to the prognostic accuracy of the classical CV
risk factors (Table 1).[4]

So far, a number of CV risk assessment scores
have been developed in European countries, the
United States, and some other large countries of the
world.[5] Currently, the two best known and most
widely used are the American College of Cardiology/
American Heart Association risk assessment score,
and the European Society of Cardiology’s Systematic
Coronary Risk Evaluation algorithm.[6,7] Contrary to
the high expectations of the use of CV risk assess-
ment scores in primary prevention of CVD, the
evidence indicates that their use is of no benefit in
reducing CVD morbidity and mortality.[8] The level
of implementation of these models in routine prac-
tice, is also low.[9] The reasons for these flaws are
manifold.[10] One reason is the lack of trust in these
systems’ efficiency, due to the fact that about 40% of
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individuals covered by the scores are misclassified.
In addition, an advanced age is the strongest CV
risk factor. An implication is that older people (≥ 60
years), who are otherwise free of conventional CV
risk factors, could be exposed to inappropriate
treatments and over-medicalization, which could
do more harm than good in these people.[11,12]
 

CURRENT TOOLS FOR ASSESSING CV
RISK

The majority of CV risk assessment systems use
the same limited set of variables, including age, sex,
smoking, blood pressure and blood cholesterol
measurements, to predict the absolute risk of devel-
oping CVD or of CV-related death in the next ten-
year period.[5] Other predictors included are dia-
betes mellitus, body mass index (BMI), and inform-
ation about previous vascular diseases and a family
history of early-onset CHD.[13,14] The effect of anti-
hypertensive treatments is sometimes considered.[5]

The logic behind the selection of variables for the
predictive models is to achieve the greatest pos-
sible accurate risk stratification of individuals in the
general population, in order to inform cost-benefit
decisions for treatment. This means using medica-
tions to treat those individuals from high-risk groups
who are likely to benefit the most, and avoiding
over-medicalization and its side-effects, in those
who will benefit less, such as those from lower-risk
groups.[15] At the same time, the predictive model
should be easy to use and sufficiently robust for re-
peated use, both in the same population from which
it was derived and in other populations. Following
this logic, the best variables for modeling are those
which are not influenced by coding difficulties,
which include numerical variables (blood pressure
or cholesterol measurements) and simple, dicho-
tomized variables [smoking status (yes/no), sex].

Other requirements for variables are that they are
important for characterizing the majority of indi-
viduals in the population (not only the minority),

 

Table 1    CV risk factors and biomarkers that can be found in eHRs.

Traditional CV risk factors Non-traditional CV risk factors CV biomarkers that can be found in eHRs
Advancing age Low-level inflammation C-reactive protein

Smoking cigarettes Homocysteine Neutrophil-to-lymphocyte ratio

Elevated blood pressure (in particular
systolic) Fibrinogen, impaired fibrinolysis Ventricular hypertrophy by

electrocardiogram

Elevated total and low-density lipoprotein
cholesterol Increased platelet reactivity Cardiac troponin T

Low high-density lipoprotein cholesterol Hypercoagulability N-terminal pro B-type natriuretic
peptide

Overweight/obesity (in particular
abdominal obesity) Natriuretic peptides Body composition and muscle mass

measures

Diabetes mellitus or glucose intolerance Lipoprotein Glycated hemoglobin

Sedentary lifestyles Small dense low-density lipoprotein cholesterol Serum albumin (pre-albumin), serum
transferin

Postmenopause (in women) Albuminuria Vitamin D

Chronic latent infection (helicobacter pylori,
citomegalo virus) Thyroid gland hormones

The level of comorbidy and the comorbidity
patterns Haemoglobin

Rheumatoid arthritis (other autoimmune
diseases) Blood lipids

Chronic kidney disease Urin albumin/creatinine ratio

Depression, psychiatric diseases Cystatine C

Some drugs, polypharmacy Estimated glomerular filtration rate

Carotid intima-media thickness

Ankle-brachial index

Functional assessments

CV: cardiovascular; eHRs: electronic health records.
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and are easy to use and cost-effective. The latter
characteristics are important for conducting population-
based surveys, giving the fact that most models
used today have been derived from prospective co-
hort studies.[5]

As a consequence, the number of variables in-
cluded in the model is quite limited, in comparison
to the large range of possible determinants of CVD.
Methodological issues also dictate that a limited
number of variables be used in the model. The cur-
rent CV risk assessment systems were derived by
using statistical regression models which cannot
utilize a large number of variables.[16] For the model
to achieve good predictive performances, the vari-
ables should be selected on the basis of the hypo-
thesis, that is, the existing knowledge, which re-
stricts their scope.[17]

One advantage of such models is their good uptake
in practice, in particular when they are presented
visually, as a chart, or an on-line calculator.[18,19] On
the other hand, the limited number of variables
mean that the model is unable to represent inter-
individual variations in CV risk factors accurately,
which restricts the model’s discriminative ability
(its ability to separate those individuals who will
develop the end point from those who will not).[16]

In consequence, some individuals from the interme-
diate risk groups are wrongly classified, which
lessens their chance of being offered adequate treat-
ments. An attempt was made to remedy this short-
coming by adding new variables to the model, usu-
ally biomarkers indicative of different disease path-
ways, such as C-reactive protein (CRP), homocys-
teine, cystatin-C, natriuretic peptides, etc.[20] However,
a “forced” enlargement of the scope of variables in
the rigorous model such as the regression function,
is not likely to provide a visible improvement. Namely,
the regression function is unable to cope with variable
imbalance (skewed distributions) or variable inter-
actions (co-linearity).[17]

Another limitation of the current CV risk assess-
ment systems is their low ability to cope with popu-
lation diversity, with respect to sex, race, ethnicity,
and the level of expression of CV risk factors. For
this reason, it is necessary to recalibrate the func-
tion if it is applied to populations other than that
from which it was derived.[3,16] The American College
of Cardiology/American Heart Association guidelines

are based on people aged between 40 and 79 years
from several cohorts, and assess hard endpoints
(fatal and nonfatal myocardial infarction and stroke).
The prediction equation has been calibrated for
some but not all, ethnic cohorts. The equation over-
estimates the ten-year risk for CVD by an average
of 20% across all risk groups. The advantage of the
Systematic Coronary Risk Evaluation risk chart is
that it is based on a large dataset, collected across a
wide range of European countries, and that it makes
a distinction between high-risk and low-risk regions.
However, it is still used less often outside Europe.[3]

The CV risk assessment models are based on tra-
ditional risk factors that have been validated in
middle-aged populations, with the relative risk coef-
ficient being derived for older age groups, on the
assumption that the risk factors’ effects are con-
stant regardless of age.[13,21] Since age is the strongest
CVD determinant, these systems’ discriminatory
power in older age groups is generally low. However,
it has been shown that the strength of traditional
risk factors’ effects change with age, and that there
are some new factors which are important for pre-
dictions in these age groups.[22–24] An attempt was
made to improve this shortcoming by creating the
competing risk regression model, which is only per-
formed on older people.[25] Recently, the function,
which is similar to the Systematic Coronary Risk
Evaluation, was derived and validated on part of
the dataset used in the Systematic Coronary Risk
Evaluation project, to improve the accuracy of CV
risk assessment in the elderly population.[25] The
variables contained in the model included age, total
cholesterol, high-density lipoprotein cholesterol,
systolic blood pressure, smoking status and dia-
betes mellitus. 

AGING AND CV RISK
 

Aging and CVD

Population aging has been a global and progressive
trend since the middle of the 20th century, with im-
portant implications for societies and health care
systems. The proportion of older individuals (> 60
years) is increasing at a faster rate in developed
countries and more slowly in developing countries.
It is projected that, by 2050, the proportions of older
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individuals will be up to one-third in developed
countries and one-fifth in developing countries.

The prevalence of CVD increases in these age
groups and is the leading cause of death.[26,27] Even
the incipient decline in its prevalence which had
been recorded in developed countries in the last
two decades, due to progress in prevention and
treatment, is now stagnating.[28] In low resources
countries, CVD is emerging concomitantly to the
epidemics of obesity and diabetes mellitus.[29]

The high prevalence of CVD in the older popula-
tion can be explained by the current understanding
of the CV system as the prime target for stochastic
and degenerative senescent processes.[30] In these
terms, atherosclerosis, a progressive vascular lesion
underlying CV incidents, is increasingly considered
to be a maladaptive immune response associated
with chronic inflammation, which may synergize
the effect of metabolic risk factors on the formation
of lipid-bearing arterial wall injuries.[31] In long-
lived individuals (> 80 years), who are otherwise
free from overt metabolic disturbances, the forma-
tion of lipid-rich plaques might have been over-
come by dominant fibrotic degenerative processes.
Therefore, these people’s vascular systems are still
characterized by arterial stiffness, as a consequence
of endothelial dysfunction and the effect of long-term
hemodynamic stress acting on the arterial walls.[30]

Many age-related changes at the bodily, organ
system, cellular, and subcellular levels, are associ-
ated with the development of fibrotic and structural
changes to the vasculature, the heart and the kid-
neys, leading to a vicious circle of hemodynamic,
structural, and functional changes within the CV
system.[30,32] Molecular mechanisms such as cell sen-
escence, disturbed autophagy (an important mech-
anism for cell waste management), chronic activa-
tion of inflammasomes (intracellular defense system),
increased production of reactive oxygen substances,
and the imbalance between inflammatory and anti-
inflammatory mediators, are only some of the mech-
anisms involved. In the aging heart, the impairment
of aerobic metabolism due to mitochondrial dys-
function leads to local hyperproduction of reactive
oxygen substances and the activation of inflammatory
and fibrotic signaling, which augments structural
changes and the related diastolic and systolic cardiac
dysfunction.[33,34] At the bodily level, inflammatory

response and tissue resistance to insulin may be ex-
aggerated by age-related changes to the body
shape, associated with the loss of muscle mass and
increase in fat tissue, in particular visceral fat tissue,
predisposing older individuals to metabolic dis-
orders, increased blood pressure, and the develop-
ment of structural and hemodynamic changes to the
CV system.[35,36] Based on this discussion, it seems
that those advocates who propose using biomarkers
in predicting CV end points in the older population,
are on the right track (Table 2).[37]
 

CVD in the Context of Aging Diseases

The current level of knowledge suggests that it is
no longer plausible to consider the development of
CVD in isolation, without considering other age-related
diseases and chronic health conditions. This is sup-
ported by the evidence indicating that chronic dis-
eases accumulate with age. More than half the people
over the age of 60 years will have two or more chronic
diseases, which is termed multimorbidity.[38] Mul-
timorbidity accelerates aging and the decline in per-
formance (including limitations on mobility,
strength, cognition, and a person’s ability to per-
form everyday tasks).[39] The multiple medications
(polypharmacy) given to older patients with mul-
timorbidity, may exacerbate the situation due to
drug-disease and drug-drug interactions.[40] Knowledge
of the factors that interact over time to accelerate
aging, is challenging the concept of chronological
age. The term biological age has been introduced to
indicate a person’s position on the aging trajectory
and highlight the need for intervention.[32]

The number and complexity of comorbid condi-
tions increases with age. It has been recognized that
not only the number of chronic diseases but also the
disease combinations (patterns), have an effect on
outcome prediction.[41] Typically, CVD in older
adults occurs concurrently with many comorbidities.[42]

Of the different disease patterns, the combinations
containing CVD were shown to have the largest ef-
fect on excess mortality.[43] This new evidence chal-
lenges the current CVD research and clinical prac-
tice, and highlights that more attention needs to be
paid to the context of CVD.[44]

This new evidence is not surprising as it is known
that chronic diseases, such as hypertension, meta-
bolic syndrome (a cluster of disorders associated
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with abdominal obesity) and type 2 diabetes mel-
litus, all complex conditions the presentation of
which precedes or is concurrent with CVD, increase
in prevalence with age.[45] Chronic kidney disease, a
major predisposing factor for CVD, was found to af-
fect only those older individuals with hypertension
and/or diabetes mellitus, and is not inherent to
aging.[46] There is a close association between CVD
and depression. These facts are well known. What
is not known, is how elements of these disorders’
common pathways are clustered in the actual popu-
lation, and which factors and biomarkers are relevant
for representing these clusters.[30,47]

The recent progress in geriatric research indic-
ates that complex geriatric conditions and functional
impairments which cannot be coded as classical dis-
eases, have a predictive value which extends beyond
the effect of comorbidities.[48] These conditions,
termed geriatric syndromes, include impairments
such as walking difficulties, sarcopenia (muscle
wasting), predisposition to falls, sensory impair-
ments, urinary incontinence, cognitive impairment,
chronic pain, and frailty.[39] These conditions fur-

ther increase the diversity of the older part of the
population, which makes the prediction process for
older individuals extremely difficult.

The efforts to link these observations from population-
based studies with the recent knowledge on the mech-
anisms of chronic diseases, have led to the emergence
of a new concept of aging, termed inflamm-aging.
The research group (Bologna, Italy) of Franceschi, et al.[49]

has authorized the use of this name. This research
group postulated that changes in the innate im-
mune system, associated with low-grade, chronic
inflammation, which occurs as a response to life-
long exposure to external and internal antigenic
stimuli, provides the biological background for the
development of common aging diseases, including
Alzheimer’s disease, atherosclerosis, osteoporosis,
heart disease, type 2 diabetes mellitus, and cancer.[49]

This theory has evolved over time and aims to in-
corporate the new evidence into an integrated view
of the aging process. Throughout its several up-
dates, this theory has pointed out that there is an in-
terdependence between the neuro-endocrine, meta-
bolic, and immune systems, which directs the

 

Table 2    Age-related sources of inflammation.

The body, organs, tissue level The cell level The subcellular level

Visceral obesity (secretion of inflammatory
cytokines, chemokines, adipokines)

Activation of the innate immune cells by
pathogen-associated molecular patterns
and damage-associated molecular patterns

Posttranslational alterations (at the level of
micro-RNA)

Latent infections (cytomegalovirus,
helicobacter pylori)

Cell senescence (a senescence-associated
secretory phenotype: intracellular
signaling loops and inflammatory cascade
involving the nuclear factor kappa-B, IL-1α,
transforming growth factor-betta and IL-6
pathway)

Mitochondrial dysfunction (oxydative-stress
mediated inflammation via activation of
nod-like receptor 3 inflammasome)

Depression, chronic stress (via activation
of the hypothalamus-hypophysis-adrenal
stress axis)

Cell apoptosis-transformation into necrotic
cells

Impaired autophagy (impaired clearance of
apoptotic cells)

Comorbidities (tissue infiltration with
inflammatory cells, paracrine cell
activation)

Cell surfice receptors density and
activation alterations

Transcription factors activation in
inflammatory response pathways (nuclear
factor kappa-B, activation protein-1)

Neuro-endocrine alterations
Dysregulation of paroxisome proliferator
activated receptors (nuclear hormone
receptors activated by fatty acids and oic
osano ides)

Renal function decline Dysregulation of pro-resolving lipid
mediators (lipoxins, resolvins, maresins)

Altered permeability of the gastro-
intestinal system M1 (pro-inflammatory) type macrophages

Alterations in gut microbiome Insufficient inflammation resolution

Genetic predisposition

An imbalance between pro-inflammatory
TNF-α, IL-6, IL-18, IL-1 cytokine family (IL-1α,
IL-1β, IL-18, IL-33, IL-36α, IL-36β, and IL-36γ),
IL-17A, IL-22, and anti-inflammatory
cytokines IL-10, IL-37, transforming growth
factor-betta, sTNFR, sIL-1R
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course of aging, either successfully or unsuccess-
fully. The preservation of defense mechanisms is
important for survival and the maintenance of good
functioning.[49]

These authors introduced the concept of anti-inflamm-
aging to explain the controversial results of studies
performed on people who have reached the limits
of the human lifespan (nonagenarians and centen-
arians) with a relatively good functional status, des-
pite the presence of a substantial number of comor-
bidities. This concept states that preserving the net-
work of anti-inflammatory mechanisms (which is to
a great extent, genetically determined) can compensate
for the deleterious effect of inflamm-aging and ac-
cumulated comorbidities.[50]

The recent findings highlight that the individuals
who have reached the limits of the human lifespan
are still a heterogeneous group and are not com-
pletely free from chronic conditions, however, these
conditions are present at a lower rate than in their
younger counterparts.[50] These new findings indicate
that the appearance of chronic conditions may be
delayed, even though the molecular and cellular
mechanisms that drive their development are the
same across the aging process. These new findings
represent a step away from the strong dichotomy of
either successful or unsuccessful aging, towards a
more integrated view of the aging process and the
development of age-related diseases. Accordingly,
the original inflamm-aging theory has been comple-
mented by the new integrated theory of aging.[51]

This theory states that the pathways that can be
characterized as “healthy aging” or “aging burdened
with chronic diseases and functional impairments”,
are merely the extremes in a continuum of aging
trajectories.[51]

According to this line of thought, CVD should be
considered to be part of the same inflamm-aging
continuum as other aging conditions. That means
that, in older individuals, the CV risk status evalu-
ation should embrace the complexity imposed by
the concomitant conditions.[44]
 

Changing CV Risk Factors with Aging

Despite the fact that CVD is concentrated in the
older part of the population and the existence of a
large amount of mechanistic knowledge about the
development of CVD, clinical guidelines have very

limited information on CV risk factors in this popu-
lation group. In addition to reasons such as the need
for a long-term follow-up (for estimation of the ten-year
risk) and a greater dropout rate, compared to middle-
aged individuals, an important reason for not in-
cluding older individuals in clinical trials is the great
variation in comorbidities, which makes predicting
outcomes uncertain.[52]

However, some recent studies indicate that the
association between the traditional CV risk factors
and CVD is attenuated in elderly individuals, and
that other age-related factors, indicating comorbid
conditions, compete with traditional risk factors
and should be taken into account when predicting
CV risks. In an example of such a paper, an analysis
was performed on the Atherosclerosis Risk in Com-
munities study dataset.[53] It was shown that the
strength of the associations between total cholesterol
and low-density lipoprotein cholesterol, and CVD,
accounts for differences in age and the level of in-
flammation (indicated by CRP values). This associ-
ation was significant but weakened in younger, old
individuals (< 65 years) if the CRP values were
above 2 mg/L. In older, old individuals (> 65 years),
this association was similar to that in the younger,
old individuals, unless CRP was increased, in
which case the association became non-significant.
This example clearly indicates that chronological
age may not be sufficient to determine CV risks,
and that other variables, indicating pathophysiology
disorders, should also be considered.

In a recent longitudinal study, changes in the im-
pact of traditional CV risk factors on men during
the aging process, were followed during a long period
of four decades (from 50 to over 80 years of age).[54]

The study showed that although the impact of these
factors generally declined with aging, some of the
factors remained significant, even at ages of over 80
years. Since this variation depends on the patho-
physiology pathways reflected by the CV risk factors,
the factors’ importance varies depending on the
outcome measured (incident myocardial infarction,
ischemic stroke or heart failure).

During the 6.5-year follow-up of a recent, large-
scale study performed on individuals aged 70−78
years, it was shown that some traditional risk
factors remained predictors of fatal and nonfatal CVD,
while others did not, and that some new factors,
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such as polypharmacy and apathy, performed better
as CV predictors.[22] In a study of participants from
the Framingham Heart Study, which assessed the
relative importance of measures of hypertension,
including diastolic, systolic and pulse pressure, as
predictors for CHD, it was demonstrated that after
the age of 50 years, one particular single measure-
ment might be superior to the other two. However,
which measurement was important depended on
the age and associated pathophysiology disorders.

In the study by Saaed, et al.,[55] performed on data
from the Atherosclerosis Risk in Communities co-
hort and individuals aged 69−88 years, it was shown
that using biomarkers of inflammation and cardiac
pathways in CVD development, might only im-
prove the prediction accuracy for those older people
who are burdened with pathophysiology disorders
but cannot make a distinction between them and
those who are relatively healthy. The relative im-
portance of specific CV risk factors accounted for
differences in the outcome measures.

However, the studies cited require validation in
other populations before their results can be gener-
alized. Taken together, they highlight the fact that
different kinds of factors should be used for assess-
ing CV risks in older individuals, with respect to
differences in age, the existing pathophysiology dis-
orders, and the outcomes measured.

The recent achievements in understanding geriatric
syndromes and their prognostic relevance, are ex-
pected to shed more light on CVD developmental
pathways in older individuals.[56] In particular, the
attention of researchers and clinicians has been at-
tracted to the concept of frailty, the prognostic value
of which has been confirmed for different health-related
outcomes, in well-designed, large-scale studies.[57]

Although it is not yet well-understood, this concept
refers to the exhaustion of reserves in multiple
physiological systems, as the final pathway in the
accumulation of comorbid conditions during the
aging process.[58] The frailty concept has been opera-
tionalized by Fried, et al.,[57] in the form of a simple
score system, and is defined by a set of nonspecific
features which indicate decreased muscle mass and
strength, weakness, slow gait speed, subjective feel-
ings of exhaustion, and low activity. A more com-
prehensive prediction system, known as the Cumu-
lative Deficit Model, is based on counting medical,

cognitive, psychological and functional deficits, as
described by symptoms, functional performance
tests, and laboratory abnormalities.[59]

The evidence suggests that there is a close associ-
ation between CVD and frailty, meaning that frailty
increases the risk for CVD, and that patients with
CVD who are frail, have an increased risk of bad
outcomes.[60] This link might be due to the high
level of comorbidity that is known to accompany
the presence of CVD, in particular, including dia-
betes mellitus and chronic kidney disease, which
are also associated with frailty.[46] Although the
concept of frailty may be wider than that of inflamm-
aging, the evidence suggests a strong association
between frailty and chronic inflammation.[61] Chronic
inflammation has also been recognized as the mech-
anism which links CVD with frailty.

The global epidemic of obesity is also affecting
the elderly population, further modifying the an-
thropometric changes which occur naturally with
aging.[62] It has been found that severe obesity may
provoke frailty, thus diminishing the observed be-
neficial effect from increased body weight on survival
in older individuals.[63]

Although the evidence is still weak, there is
mounting evidence to indicate that frailty, originally
assumed to be the body shrinking, could explain
the paradoxical phenomena that patients with CVD
who are overweight or obese, show a better pro-
gnosis than those who are of normal weight (a phe-
nomenon termed the obesity paradox).[63] Moreover,
the overlap between frailty and other geriatric con-
ditions associated with the body shrinking and
muscle wastage, such as malnutrition and sarcopenia,
might be those factors that influence the weakening
of the association between traditional CV risk
factors and CVD or mortality, as observed in older
individuals.[64] There is an ongoing debate about
whether the phenomena termed the risk factors
paradox or reverse epidemiology, which states that
increased rather than decreased values of traditional
CV risk factors, such as systolic blood pressure, cho-
lesterol, and BMI, are prognostically favorable, is
simply a “statistical artifacts”, or whether it is the
result of “selection bias”, or whether it is caused by
the real changes in the body composition and the
concomitant changes in physiological functions.[65,66]

The recent evidence suggests that the problem is
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less straightforward. The prevalence and import-
ance of particular traditional CV risk factors may
vary occasionally and be dependent on the end
point.[22] However, the association between frailty
and low blood pressure has been shown to be relat-
ively stable across studies and populations, so that
the current version of the European guidelines on
the management of hypertension has called for spe-
cial attention to the treatment of older hypertensive
patients with frailty.[67]

Based on this discussion, and in order to clarify
the role of CV risk factors in older individuals, the
following questions arise: How do particular co-
morbidity patterns, including information on frailty
and malnutrition, coexist in the particular popula-
tion? How do these patterns correlate with the chro-
nological age of the individuals in the population,
the development of CVD, and the risk of death?
Which biomarkers represent these patterns and are
relevant for predicting the outcomes? 

A NEED TO MOVE FROM THE REDUCTIONIST
RESEARCH APPROACH TO RESEARCH
IN COMPLEXITY

There is an increasing awareness that descrip-
tions of the pathways leading to CVD events in

older people, should comprise many variables of
different kinds. These variables exhibit a high level
of interdependence and cross-connection, interact-
ing in complex and non-linear ways. The changes in
variable values during the aging process are influ-
enced by multiple factors, such as changes in body
composition and body weight, the presence of co-
morbidities, and the development of conditions
such as frailty, muscle wasting and malnutrition, as
well as the effects of medication treatment (Figure 1).[68]

At this level of complexity, the theoretical and
operative approaches currently prevailing in medical
science, are no longer adequate to allow further
progress. These approaches include the method of
reasoning known as reductionist thinking, and the
methodological framework that works within the
limitations of classical statistical solutions. This
methodological framework is characterized by its
aim of using one regression equation to describe di-
verse patient subgroups, each of which has its own
set of descriptors, rules of interaction, and dynamics
of change. Therefore, in order to make further pro-
gress on CV risk factors in older individuals, and
overcome the current gaps in knowledge and the
methodological constraints, it is necessary to
change both the way we think, by switching from a
reductionist to a complex way of reasoning, and the

 

Figure 1    Reductionist versus systems research approach. In the reductionist view, the system’s behavior (outcome measure-CVD) is
explained by the selected components  (e.g.,  hypertension and frailty).  A research question:  is  hypertension alone or  hypertension in
combination with frailty, a better predictor of CVD? In the systems view, the system’s behavior (outcome measure-CVD) is the result of
the interactions between a multitude of components. A research question: which of the factors associated with hypertension and frailty
(e.g., the body mass index category; the age category; the degree of decline in kidney function; the level of blood pressure) impact the
association of the coexistence of hypertension and frailty with CVD? CV: cardiovascular; CVD: cardiovascular disease.
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research approach, by moving from classical statist-
ical solutions to solutions using computer science
and artificial intelligence research approaches.

In the reductionism paradigm, the way of think-
ing is based on the postulate that natural phenomena
can be explained by a limited number of logical
rules and static mathematical models. There is no
place for contradictions or uncertainties in scientific
reasoning. It relies on a strong hypothesis, which is
expected to be provided by unambiguous answers.
From the analytical perspective, the concept as-
sumes that the system under investigation can be
broken into its constituent components, which are
then analyzed and interpreted independently of
each other (Figure 1).

In contrast, the science of complexity assumes
that biological systems behave as complex systems.[69]

In a complex system, the system’s properties
emerge from the interaction of its components. The
research approach arising from this theory pro-
poses that the system’s behavior can be understood
by the simultaneous interpretation of multiple
factors, which are viewed within the common con-
text (Figure 1).[70] Elements of different theoretical
and analytical approaches can be used and mixed
during the analytical process, in order to arrive at
the solution. Within the same paradigm, complex
thinking is a way of human reasoning that results
from the interactions of multiple mental processes,
occurring either simultaneously or at different
points of time, and which need to be activated when
solving complex tasks.[71]

When viewed through the lens of the above dis-
cussion, it is possible to critically evaluate the current
approaches to studying CV risk factors in people of
older age. Firstly, the current clinical trials examine
CV risk factors separately and without considering
the clinical context, which can underestimate the
complexity of the problem.[52] Elderly people are
either excluded or grouped with younger ones.[70]

The effect of gender is not adequately addressed,
despite evidence suggesting the existence of diff-
erent cardio-metabolic pathways in men and women.[72]

The effect of frailty on the expression of CV risk
factors, such as hypertension, cholesterol and glucose,
is often neglected.[73] If this effect is taken into ac-
count, it is done straightforwardly, rather than by
considering the wider clinical context, including the

effects of the common determinants of frailty and
CVD, such as age, renal function stages, and comor-
bidity patterns.[74]

In the example study, the impact of hypertension
on mortality rates was examined, depending on
whether or not hypertension was associated with
frailty.[75] The reductionist research approach was
used, indicated by the fact that all patients dia-
gnosed with hypertension were grouped together,
with no distinction being made on the basis of socio-
demographic or clinical characteristics; this was the
reason that no effect of frailty was found on the as-
sociation between hypertension and mortality. This
research approach, known as reductionism, in
which the focus is on one characteristic of the sys-
tem and all others are ignored, can lead to conflict-
ing conclusions and the diversity of patient groups
being overlooked (Figure 1). Following the same
reasoning, in a meta-analysis evaluating the associ-
ation of hypertension with frailty, this association
was found in some studies and not in others, leav-
ing the result of the whole analysis in doubt.[76]

The misapprehensions of the reductionist re-
search approach came to light in constructs such as
reverse epidemiology or the risk factors paradox,
which were introduced in studies on aging and CV
risk factors, to name the conflicting findings, as well
as the inability of the analytical methods, used in
the current studies, to cope with the health related
diversity of older individuals.[77,78] The typical ex-
amples are studies examining homocysteine (the
sulfur amino-acid with strong oxidative properties)
as a CV risk factor, which yielded the controversial
results.[79] Homocysteine levels rise in chronic kidney
disease and are associated with increased CV mor-
bidity and mortality. The mechanistic studies pro-
posed cause-effect relationships between increased
homocysteine and CV pathology. However, some
population studies have found that lower rather
than higher, homocysteine levels predict mortality.
In these associations, low homocysteine levels can
be considered to be the confounding factor, due to
the effect of a more advanced stage of chronic kidney
disease and its clinical context, including a higher
degree of frailty, on the development of CVD,
without there being a causal effect on the develop-
ment of CVD and the risk of mortality.[79] This ob-
served contradiction may be due to non-linear
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associations between homocysteine levels and dif-
ferent stages of kidney function decline.[80]
 

A NEED TO RECONCILE THE CV RISK
ASSESSMENT TOOLS AND PREVENTION
RECOMMENDATIONS

It has become increasingly clear that if we want to
overcome the gaps in the current CV risk assess-
ment tools, and improve screening and treatment
strategies for CVD prevention, it is necessary to ex-
pand the research methods.[52] There are two main
issues of concern which need to be resolved: (1) how
to cope with the diversity of CV risk, in particular,
in relation to the heterogeneity of older people’s
health status, and to enable as much individualized
treatment as possible; and (2) how to address the
temporal perspective of CV risk factors which change
over time. To solve these issues, we propose using
the emerging approaches of data analysis, in the
areas of machine learning and the application of ar-
tificial intelligence application. Using machine
learning methods makes it possible to extract hidden
patterns from the data, and to generate new know-
ledge, outside the solutions of the classical research
methods.[81]

Precision medicine is a requirement of modern
clinical practice, in general, and CV medicine, in
particular.[82] The term indicates using risk stratifica-
tion and management strategies to target the specific
characteristics of individuals or patient groups, in
order to optimize treatment efficacy, and to avoid
side-effects from unnecessary medication.[83] The
term was originally coined in genomic and epigen-
etic medicine, in which machine learning methods
are necessary for analyzing the massive volumes of
data. Since these sophisticated laboratory methods
are resource intensive and not widely available the
current trend in CV risk assessment is to use data
from electronic health records (eHRs), which indic-
ates individuals’ socio-demographic and clinical
characteristics; this is cost-effective and widely
available for population assessments.[84]

In particular, in the general practice setting, eHRs
allow the extensive and systematic collection of in-
formation on the natural history of chronic diseases,
prescribed medication, and other aspects of care for
elderly people. In many European countries, general

practitioner eHRs are the central point in networking
health data from different sources, which could in-
crease the opportunities for research enormously.

The trend of using data from eHRs for predictive
purposes, is reflected in the QRISK2 risk stratifica-
tion method, which was developed in the United
Kingdom using data from the thousands of general
practitioner eHRs.[14] Although the QRISK2 assess-
ment system is still maintained within the frame-
work of the classical risk assessment methods, using
eHRs as sources of data has enabled a much wider
range of variables to be used in comparison to, for
example, the European Systematic Coronary Risk
Evaluation risk assessment system, in which data
were collected in a prospective population survey.
The QRISK2 system uses data indicating social
deprivation issues, family history of CVD, hyper-
tension treatment, BMI, and some comorbidities for
which there is evidence indicating an association
with CVD, such as atrial fibrillation, chronic kidney
disease, diabetes mellitus, and rheumatoid arthritis.
The added value of using machine learning re-
search methods in CV risk assessment, is the oppor-
tunities it offers for making the maximum use of the
data available in eHRs, by identifying latent pheno-
types, and generating new concepts.[81] Moreover,
this research approach enables the performance of
analyses of the heterogeneous (native) population,
without the need for selection or randomization
procedures.[82] The data from eHRs is cost-effective
and enables the modeling procedures to be repeated,
as well as determining the CV risk factors for different,
specifically defined, population groups (e.g., those
older than 80 years, postmenopausal women, etc.),
and for different CV-related and non-CV-related
outcomes.

A more personalized approach to CV risk assess-
ment would be important for clinical practice be-
cause the results of the risk stratification procedure
dictate the treatment recommendations. If the CV
risk assessment system could address the risk di-
versity of elderly people, it would be an important
improvement, since the current CV risk assessment
systems are unable to do so.[25,85] The current risk
score systems overestimate the risk in this popula-
tion group, which could lead to overtreatment. The
concern is that elderly people usually have mul-
tiple comorbidities and frailty, which increases their

PERSPECTIVE JOURNAL OF GERIATRIC CARDIOLOGY

  http://www.jgc301.com; jgc@jgc301.com 471



risk for adverse drug reactions and may compromise
treatment.[40,86]

With respect to therapy with statins (hypolipemic
drugs) in primary prevention of CVD in elderly
people, there is insufficient evidence on their bene-
fits and safety to inform decisions.[87,88] The result is
that statins are prescribed less often for elderly than
younger people, although there may be individuals
in these age groups who would be likely to benefit
from this therapy. Although, in general, the evid-
ence supports the beneficial effects of pharmacolo-
gical treatment for hypertension into advanced age,
due to the enormous functional heterogeneity in
this population group and the increased prevalence
of frailty, the recent update of the European guidelines
on the management of hypertension contains warning
notes for the treatment of frail, older individuals.[89]

Another major issue of concern which has not yet
been resolved by the current, risk-based, CV risk as-
sessment strategies, relates to the measurement of
CV risk factors at one point in time.[52,90] This strategy
fails to take into account these factors’ long-term ef-
fects on the circulatory system, which in turn, would
be closer to the causal exposure paradigm, given
the fact that atherosclerosis, as the precursor of vas-
cular injury for CV events, shows a constant pro-
gression throughout life.[91] The inclusion of a time
perspective in CV risk prediction strategies is a
challenge, due to the close association between age
and the end points in the absolute risk assessment
(CVD events or CV-related death), and the interac-
tion with CV risk factors. In addition, in older people,
the CV-related end points compete with non-CV re-
lated mortality.[85]

The long-term (or even lifetime) view of the ef-
fects of CV risk factors on the development of CVD,
has been considered relevant for communicating
CV risk to younger individuals burdened with CV
risk factors, who have a long time before the pos-
sible occurrence of the CV end point, or for better
distinguishing between individuals with intermediate
risks, a significant proportion of whom are peri-
menopausal and postmenopausal women.[90] Shorter
periods of time (5−6 years) are only used to express
the absolute CV risk in population studies of older
people.

In recent years, researchers have become increas-
ingly interested in the long-term patterns (path-

ways or trajectories) of traditional CV risk factors,
and their effects on CV-related or other age-related
outcomes. Such studies can be used to highlight
health-related heterogeneity, and to identify trends
in pathophysiology pathway generation. The study
by Allen, et al.,[92] identified five distinct blood pres-
sure trajectories in young adults, which were de-
scribed as low stable, moderate stable, moderate in-
creasing, elevated stable, and elevated increasing. It
examined their association with the presence of
coronary artery calcification (determined by an ima-
ging test based on computed tomography), as a
measure of subclinical atherosclerosis, after 25 years
of follow-up and based on seven separate blood
pressure measurements. The study by Strandberg,
et al.,[93] assessed the effect of body weight trajectories,
measured as BMI, on the incidence of disability,
frailty, and mortality. In this study, it was possible
to demystify the obesity paradox phenomenon by
representing the heterogeneity of the body shape-
related phenotypes. Namely, the increased mortality
rates were shown to be associated with more than
one body weight category (including weight loss
and constant overweight), indicating the influence
of hidden confounding factors.

Although these studies represent a step forward
in coping with health-related heterogeneity, they
still remain within the framework of classical stat-
istical methods, such as latent mixture modelling. In
this model, phenotypic groups are identified on the
basis of “one CV risk factor labelling”, while a mul-
titude of confounding factors, which may impact
the association between the identified phenotypes
and the outcome measure, remain unseen. In studies
of aging, there have been examples of using com-
posite measures to represent the health-risk strati-
fication by trajectories, such as the chronic disease
burden in the integrated theory of aging, or “the
composite measure of the reduction in functional
capacities of older people”, which is used by policy
makers to represent the decline in the health status
of older people.[94,95] In the study by Vetrano, et al.,[96]

trajectories of functional decline (expressed as time-
dependent changes in walking speed and daily liv-
ing activity) have been associated with the level of
comorbidity of neuropsychiatric and CV diseases.

Members of the artificial intelligence and ma-
chine learning research community have contrib-
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uted to the efforts to find solutions for coping with
the heterogeneity of the health status in older indi-
viduals, and expressing the dynamics of non-linear
changes in this status over time. There are many
machine learning algorithms and techniques that
can be used to perform research tasks associated
with the correlation, prediction, classification, and
clustering problems, that arise from multiple inter-
acting factors.[81] The current trend is to use a large
data set obtained from eHRs, prepare it for analysis
using data pre-processing and dimension reduction
methods, and then apply some of the machine learning
technique algorithms to it.[97] In the example paper,
Guo, et al.[98] used cluster analysis to explore clinical
phenotypes in hypertensive patients. These authors
identified four distinct hypertension groups, and
found, as new knowledge, that the group with
blood pressure reverse dipping might be of value
for predicting coronary artery disease in hypertensive
patients.

The aim is to resolve researchers and clinicians’
lack of trust in the performance accuracy of ma-
chine learning algorithms, by improving the valida-
tion methods, such as cross-validation and boot-
strapping. By splitting the dataset into the training
and the testing sets, these methods give the model
the opportunity to train on multiple train-test splits,
in order to predict how well it will perform on un-
seen data (an external validation).[99] Specifically,
deep learning methods such as artificial neural net-
works, and other advanced machine learning tech-
niques, have been used in research on complex
chronic diseases, such as CVD, which are character-
ized by multiple overlapping comorbidities and
functional impairments, to search for latent pheno-
types in the data.[100] Algorithms for searching for
temporal trends in data, or a combination of methods
(hybrid methods) have been used to track the evol-
ution of these phenotypes over time.[101] For ex-
ample, in the paper by Zhao, et al.,[102] an advanced
factorization method was applied on eHRs data in
order to characterize the complexity of CVD. These
authors identified fourteen temporal sub-phenotypes,
among others, those indicating vitamin D deficiency
and urinary infection, which was a novelty com-
pared to the existing knowledge. However, many of
these advanced methods need to achieve better per-
formance accuracy before being implemented in
clinical practice.

Based on the authors’ own research experience in
using machine learning methods to solve tasks as-
sociated with chronic complex diseases, in this paper,
we suggest a new research approach for CV risk as-
sessment among older people.[103–105] This approach
aims to use methods which have been proved to
perform well, such as clustering methods (e.g., the
latent class analysis, k-means, or the fuzzy c-means),
in combination with trajectories of numerical vari-
ables change over time. The clustering methods are
based on grouping patients according to the prob-
ability distribution of a range of factors, in order to
enable relevant phenotypes to be identified without
a prior assumption on classification criteria.[106,107]

Age, as a challenging variable in CV risk factor re-
search among older people, will be linked to CVD
as the outcome measure, in order to exclude its in-
teractions with other variables and with the outcome
CV-related measures (Figure 2). 

CONCLUSIONS

CVD is a leading cause of morbidity and mortality
worldwide, with the highest incidence and preval-
ence in an older population (> 60 years). Ever since
the traditional CV risk factors were identified in the
Framingham Heart Study, at the end of the 20th
century, they have been used as the basis of risk-
based strategies for predicting CVD and initiating
drug therapy in primary CVD prevention.

A number of predictive functions and score systems
have been developed for CV risk assessment. Although
there are some variations between the systems,
most of them use the same limited set of variables,
including age, sex, smoking, blood pressure and
cholesterol, to predict the ten-year absolute risk for
developing CVD, or CVD-related death.

The current CV risk assessment systems have
several limitations, which limit their implementa-
tion in practice and their efficacy in reducing the
burden of CVD. Most systems perform well in the
population from which they were derived but not
in other populations. It is necessary to recalibrate
the prediction equation for application in other
populations, to allow for different CVD mortality
rates and risk factor distributions. Another limita-
tion is these systems’ inability to represent the inter-
individual variations in the CV risk accurately, so
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that a substantial proportion of individuals are
wrongly classified, which can lead to either insuffi-
cient treatment or overtreatment. The variable age
is the strongest CV predictor, and the current pre-
diction models cannot distinguish between age and
other risk factors.

Recent studies indicate that the effects of tradi-
tional CV risk factors attenuate among older indi-
viduals, and that other age-related factors, including
comorbid conditions, become important for predict-
ing CVD in older age. Based on the current know-
ledge, CVD develops concurrently with many co-
morbidities and other geriatric conditions, such as

frailty, malnutrition, and sarcopenia, which share
the common mechanisms and pathophysiology
pathways as CVD. This is the reason why older
people are very heterogeneous with respect to dif-
ferences in their health status and functional per-
formances, which makes CV risk prediction in older
individuals complicated.

In the recent years, trajectories (regression models
which take into account differences in time trends
in a variable value) have been used to express vari-
ations in time trends among older individuals with
respect to particular CV risk factors or functional
disorders. The establishment of eHRs in many

 

Figure 2    Proposed research methodology approach. The follow-up of people in the general population is initiated at the age when
CV risk factors begin to accumulate (women in perimenopause, men in their 40s). Clustering methods are used to automatically organ-
ize those individuals who are free from CVD into the groups. The clusters are created (modeled) based on a set of variables, including
traditional  CV  risk  factors,  the  degree  of  renal  function  decline,  frailty  grade,  malnutrition  grade,  inflammation,  scores  achieved  on
psychological  and functional examinations,  socio-demographic indices, etc. The cluster descriptions are supplemented with informa-
tion on comorbidities and the presence of other geriatric conditions. Individuals from these initial clusters will be followed up for the
onset of CVD (outcomes) at the age of 60 years. Quantification of this transition will  be indicated by the extent to which individuals
from  particular  initial  clusters  (e.g.,  which  proportion  of  those  coming  from  cluster  1,  and  which  proportion  of  those  coming  from
cluster 2) have experienced the CV event. For a more specific quantification of contribution of particular clusters to the onset of CVD,
changes in different numerical values (e.g., body mass index, cholesterol, glycated hemoglobin, C-reactive protein, serum albumin, ur-
in albumin/creatinine ratio, etc.) can be used to supplement the quantification procedure. The quantification procedure will allow clin-
ical profiles that are associated with the early development of CVD (people in their 60s), to be identified and quantified. The remaining
part  of  the  population  (those  free  from CVD)  are  again  divided into  clusters,  and the  whole  procedure  is  repeated,  with  the  aim of
identifying which CV risk factors are relevant for the onset of CVD in the 70s. The quantification procedure allows the CV risk factors
at the next CVD development generation (at the ages > 70 years and at the ages > 80 years) to be compared with those at the start (at
the age > 60 years). CV: cardiovascular; CVD: cardiovascular disease.
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countries’ health care systems, and the recent devel-
opments in machine learning and deep learning
methods, meet the prerequisites for using these
methods to search for solutions for coping with the
heterogeneity of older individuals with respect to
their health status, and how to express the dynamics
of changes in this status over time. Based on the au-
thors’ own research experience, in this paper, we
suggest a combination of clustering techniques and
trajectories, which can be used to identify CV risk
factors in older people who develop a particular
type of CVD at some time during their lives, including
in their 60s, 70s, and 80s. 
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