Aging and Disease Volume 4, Number 3; 154-169, June 2013

www.aginganddisease.org

Review Article

Cholesterol and Cardiovascular Disease in the Elderly.
Facts and Gaps

Francisco J. Félix-Redondo®”, Maria Grau?, Daniel Fernandez-Bergés®

'Centro de Salud Villanueva Norte, Servicio Extremefio de Salud, Villanueva de la Serena, Badajoz, Spain.
*Cardiovascular Epidemiology and Genetics, Program of Research in Inflammatory and Cardiovascular
Disorders, Institut de Recerca Hospital del Mar, Barcelona, Spain

*Hospital Don Benito-Villanueva, Servicio Extremefio de Salud, Don Benito, Badajoz, Spain.

[Received February 5, 2013; Revised February 26, 2013; Accepted February 27, 2013]

ABSTRACT: Hypercholesterolemia is a major cardiovascular risk factor that increases the incidence of
atherosclerotic diseases in adults, although the association is less well established in the elderly. The
role of statins is well characterized for the reduction of myocardial infarction incidence or death in
individuals with a history or high risk of cardiovascular diseases, regardless of age. Therapeutic
measures recommended to prevent cardiovascular diseases and to reduce cholesterol levels in the
elderly, such as lifestyle changes and lipid-lowering drugs, particularly statins, are based on studies
conducted in younger adults. This narrative review aims to summarize the main observational studies

and randomized clinical trials that have studied the relationship between cholesterol

and

cardiovascular diseases and the potential benefits and drawbacks of statins use in elderly patients.
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Cholesterol is a biological molecule that is essential
to cell membrane structure and function and to hormone
and vitamin synthesis in mammals. Certain genetic
disorders can affect its metabolism and give rise to
diseases that can occur in the very young. However, its
main importance lies in its role in atherosclerosis, a
degenerative process that affects medium and large
caliber arteries and is responsible for the majority of
cardiovascular diseases (CVD), the leading cause of
death worldwide [World Health Statistics 2008.
www.who.int/gho/publications/world_health_statistics/E
N_WHSO08_Full.pdf].

The  relationship  between  cholesterol  and
atherosclerosis is primarily characterized by a rise in
plasma concentration [1], although other mechanisms
can also intervene. The process begins at an early age
with an accumulation of cholesterol esters in the intimal

layer of the arteries, which produces a lesion known as a
fatty streak [2]. As this process continues over time, it
leads to more advanced lesions: atherosclerotic plaque
[3]. The growth of this plaque towards the lumen of the
vessel and/or ruptures with subsequent thrombosis lead
to ischemic disease, which can present as coronary heart
disease (CHD), ischemic stroke or peripheral artery
disease (PAD).

In addition to increased plasma cholesterol levels,
other risk factors such as smoking, hypertension and
diabetes, can contribute to the development of
atherosclerosis  through phenomena that increase
endothelial permeability, inflammation, oxidation and
coagulation [4, 5].

The majority of cardiovascular disease cases and
deaths occur in the elderly (>65 years) and very elderly
(> 80 years) [6], perhaps due to increased exposure to
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these harmful agents over time (Figure 1) [7]. The over-
65 population constitutes about 17% and 14% of the
European and U.S. populations, respectively, in 2010
and is increasing worldwide [www.ec.europa.eu/Eurostat
and www.census.gov]. The increase in aging population
and predominant Western lifestyles, which are also being
adopted in developing countries, combines to produce
higher population levels of cholesterol and atherogenic
dyslipidemia; the result is a growing increase in the
incidence of cardiovascular disease and death. However,
age-adjusted mortality in younger populations makes it

appear that there is a downward trend in many
developing countries [8].
In this article, our aim is to review the

epidemiological and clinical evidence that supports the
relationship between hypercholesterolemia and CVD in
the elderly and very elderly. We will focus on the
characteristics of lipid metabolism disorders, their
association with CVD risk, and the potential benefits of
lifestyle changes and pharmacological therapies in older
adults.
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Figure 1. Cardiovascular risk factors prevalence (%) by age
and sex. Pooled analysis with individual data from 28,887
participants of 11 population-based Spanish studies [7].

Lipid metabolism and age

Plasma cholesterol originates in three ways: from the
intestinal absorption of food, mainly of animal origin;
from bile salts secreted by the liver and subsequently
reabsorbed by the intestine; and from cellular synthesis,
primarily of hepatic origin [9]. The body’s capacity for
intestinal absorption and synthesis is determined
genetically and adapts to the needs of the organism.

Cholesterol is transported in the plasma by
lipoproteins. These macromolecules are composed of
cholesterol esters, fatty acid esters (triglycerides) and a
number of polar lipids and proteins (apoproteins) that
provide the necessary solubility for cholesterol transport
in the plasma and the key to its metabolism, respectively.
Cholesterol therefore shares its plasma transport with
other fats, such as fatty acids, whose main function is
energy storage. The different composition of each
component determines the physical/chemical properties
of the lipoproteins. The most common classification is
based on density, which determines the presence of
chylomicrons, very low-density lipoproteins (VLDL),
intermediate-density lipoproteins (IDL), low-density
lipoproteins (LDL), and high-density lipoproteins (HDL)
[10].

Total plasma cholesterol is determined by the
provision of cholesterol from VLDL, IDL, LDL and
HDL. LDL transport most plasma cholesterol (about
60%). These are responsible for conveying cholesterol
from the liver to the peripheral tissues and depositing it
in the intimal layer of the arteries under certain
circumstances, thereby starting the atherosclerotic
process. HDL can remove excess cholesterol from cells,
including macrophages loaded with cholesterol in
atherosclerotic lesions, and transport this surplus to the
liver. They transport about 30% of plasma cholesterol.
The balance of both lipoproteins determines the onset,
progression and complications of atherosclerotic plaque
and therefore disease.

The concentration of plasma cholesterol increases
with age from puberty until 45 to 55 years of age in men,
then decreases. In women, it continues to increase until
about 10 years later, after which it declines in the last
decades of life (Figure 2). The decreases can be
explained by a reduction in LDL synthesis due to
decreased liver function, but may also result from a
survival bias in subjects with lower levels. Compared to
LDL cholesterol, HDL levels fluctuate less, especially in
men; studies in post-menopausal women have reported
variable fluctuations [11-20].

The factors that determine plasma cholesterol
concentration are varied and depend on the specific
circumstances of the elderly patient. They include diet,
exercise, and metabolic disorders:
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Figure 2. Total cholesterol, high-density lipoprotein cholesterol (HDL-c) and low-density lipoprotein cholesterol
(LDL-c) in different countries of the world by age and sex [11-20].

Diet

Diets rich in cholesterol and saturated and trans fats
increase the concentration of LDL cholesterol [21].
Certain intraluminal conditions in the intestine, such as
increased transit time or the cholesterol content of bile,
can also increase LDL concentration [9]. Both factors are

present in the elderly.

Exercise

Regular physical exercise does not reduce total
cholesterol and LDL if there is no weight loss, although
it is effective in increasing HDL cholesterol and
reducing triglycerides [22]. It also causes a change in the
phenotypic expression of LDL and decreases the amount
of small LDLs, which are more atherogenic. A high
proportion of the elderly have a sedentary lifestyle [23].
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The reasons cited for this inactivity were poor health,
pain, obesity, fatigue or negative prior experiences, such
as falls and injuries [24].

Genetic metabolic disorders

The synthesis and catabolism of cholesterol is
genetically determined. Errors in the genes can increase
plasma cholesterol concentration. The best known of
these errors affect recognition of the LDL’s liver
receptors, giving rise to familial hypercholesterolemia,
which results in very high levels of cholesterol and
premature CHD. In the majority of subjects, however,
significantly high plasma cholesterol is a result of the
interaction between unhealthy lifestyle habits (diets rich
in animal fats) or concomitant diseases (diabetes
mellitus, hypothyroidism, nephropathy, etc.) and other
genetic disorders, such as polygenic
hypercholesterolemia, familial combined hyperlipidemia,
dysbetalipoproteinemia, and other lesser known
disorders leading to late clinical manifestations [21, 25].

Lipid metabolism and comorbidity

Various disease processes are conducive to the onset of
hypercholesterolemia, atherogenic forms of LDL, or an
imbalance  between pro- and anti-atherogenic
lipoproteins. Many of these are more frequently present
in the elderly and seem to have a common
pathophysiological substrate, such as a lipoprotein lipase
defect responsible for the catabolism of VLDL [25],
among other mechanisms.

Obesity, metabolic syndrome and type-2 diabetes
mellitus

Increased fat tissue (especially perivisceral fat),
physical inactivity and insulin resistance are associated
with a number of carbohydrate and lipid metabolism
disorders, such as metabolic syndrome and diabetes
mellitus, which increase the risk of atherogenesis [26,
27]. While this metabolic situation may only slightly
increase total and LDL cholesterol concentrations, it
increases VLDL cholesterol and triglycerides, reduces
HDL cholesterol, and causes phenotypically smaller
LDLs, making them more permeable and easier
oxidation [28]. The primary mechanism for these
changes is likely to be triggered by a massive arrival to
the liver of free fatty acids (FFA) from the perivisceral
fat, often caused by hypertrophia of the adipocytes
and/or a lack of insulin anti-lipolytic action. FFA
stimulates the hepatic synthesis and secretion of VDLD
(triglycerides-rich lipoproteins). Also, the reduced
activity of the lipoprotein lipase secondary to insulin
resistance is likely to contribute to the increased VLDL
concentration. The VLDL interacts with the circulating

LDL and HDL, exchanging triglycerides for cholesterol
esters through cholesteryl ester transfer protein (CETP).
Upon arrival to the liver, these lipoproteins lose the
triglycerides by means of the hepatic lipase, which has
increased capacity in individuals with insulin resistance
and increased FFA concentrations. The result is the
synthesis of small LDL particles and a decrease in the
HDL concentration [28]. This type of lipid disorder is
known as diabetic or atherogenic dyslipidemia and is
closely associated with aging [29]. In the Spanish
population, obesity in those older than 65 years has a
prevalence of around 35% [7], in some areas exceeding
50% [31]. Prevalence of metabolic syndrome, or the
association of abdominal obesity with other risk factors,
was higher than 40% [31] and of diabetes above 25%

[71.

Hypothyroidism

Hypothyroidism is a common disease in the elderly
(1-10%), especially in women [32]. The most frequent
lipid disorder associated with hypothyroidism is
increased total cholesterol and LDL due to limited
synthesis of the LDL hepatic receptor, which decreases
the plasmatic clearance. Other less frequent lipid
disorders are increased levels of triglycerides, HDL
cholesterol or lipoprotein ().

Thyroid hormones have a key role in lipid
metabolism due to their influence on the activity of
several enzymes. For instance, the decreased activity of
3-hidroxy-3-methyl-glutaryl CoA  observed in
individuals with hypothyroidism may explain the poor
response to lipid-lowering treatment, the decreased
activity of CETP and hepatic lipase is responsible for the
increase in HDL, and of the lipoprotein lipase that
decreases the clearance of triglycerides-rich lipoproteins
[33, 34].

The association between hypothyroidism and
atherosclerotic disease has also been reported [35] even
for subclinical forms [36] in those younger than 80.
Thyroid stimulating hormone (TSH) screening in the
elderly with hypercholesterolemia and treatment with L-
thyroxine in the clinical forms is therefore a priority,
because controlled clinical trials provide no evidence of
subclinical forms. It is also advisable to screen for and
treat hypothyroidism before starting statin therapy, as an
increased risk of side effects has been reported [21].

Nephropathy

Chronic kidney disease increases with age. The
National Health and Nutrition Examination Survey
(NHANES 1988-1994 and 1999-2006) reported a
prevalence of renal failure, defined as a glomerular
filtration rate <60 ml/min/1.73 m2, of 7.5%, 26.5% and
51.1% in the age ranges of 60-69, 70-79 and 80+,
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respectively [37]. Chronic renal disease is associated
with increased incidence of dyslipidemia [38] and
premature CVD [39], which constitutes its main cause of
death. The pattern and magnitude of dyslipidemia
depend on the degree of renal failure, the presence of
proteinuria, and the kind of treatment selected for
terminal  renal failure  (peritoneal dialysis or
hemodialysis). The typical dyslipidemia pattern is
increased VLDL and IDL and a decrease in HDL. Total
and LDL cholesterol can also be increased in the event
of proteinuria or peritoneal dialysis [38]. Elderly patients
experience an age-associated process of glomerular
filtration rate reduction, which has been defined as a
benign deterioration, but for very elderly patients
represents an increased risk of cardiovascular disease
and death, as well as functional and cognitive
deterioration and frailty [37]. Moreover, renal
glomerulus can suffer from the consequences of organ
damage caused by other risk factors such as hypertension
and diabetes, which are more common in elderly patients
in the form of nephrosclerosis or diabetic nephropathy,
the leading causes of end-stage renal disease and
dialysis. The presence of renal failure also increases the
risk of myopathy in patients being treated with statins in
combination with fibrates. It is therefore advisable to
make an assessment of renal function in elderly patients
to ensure that the dyslipidemia is not renal in origin and
to assess the most appropriate lipid-lowering therapy
[21].

Drugs

Several commonly used drugs in the elderly
population can alter the lipid profile in terms of
increasing total and LDL cholesterol and triglycerides
and/or reducing HDL cholesterol. It has been reported
that thiazide and loop diuretics increase LDL and reduce
HDL cholesterol, although this effect is negligible with
currently recommended doses. Beta-blockers without
intrinsic  sympathomimetic activity or a-blocking
properties tend to lower HDL cholesterol and increase
triglycerides. Currently, however, these side effects are
not a contraindication for their use. Some drugs with
hormonal action reduce HDL cholesterol and are often
used in elderly patients. These include tamoxifen, with
its antiestrogenic action for treating breast cancer, and
androgen, sometimes used by elderly men.
Immunosuppressants, such as cyclosporine, increase
total and LDL cholesterol, and require statins for their
control, but in low doses because statins inhibit
catabolism. New atypical antipsychotics, commonly used
for behavioral disorders, can also increase triglycerides
and reduce HDL, probably due to the weight gain
associated with these drugs [33].

Hypercholesterolemia as a cardiovascular risk factor
in the elderly

The lipid theory of atherosclerosis was first proposed in
the mid-nineteenth century, but it was not until a
hundred years later, around 1960, when it was
definitively confirmed for CHD. The magnitude of the
association between high cholesterol levels and
cardiovascular risk was first observed in ecological
studies, then tested in animal models and later confirmed
in large observational and interventional studies [40]. In
this section, we review the burden of cardiovascular
disease, the prevalence of hypercholesterolemia and the
major observational studies that examine the relationship
between cholesterol and the various forms of CVD in the
elderly.

Table 1. Prevalence of hypercholesterolemia in elderly
from different countries of the world by sex [11-16, 20]

Total cholesterol

>200 mg/dl*  >240 mg/dl**
47.8% 18.2%
77.6% 45.8%
91.7% 54.6%
44.2% -
South Africa, >60 58.0% --
rs
— 10.8%
58.5% 23.8%
U >200mg/dlx >240 mg/dl**
30.6% 7.5%
52.5% 23.1%
81.9% 40.4%
56.9% -
South Africa, >60 78.7% --
rs
- 18.4%
42.5% 17.0%

*193 mg/dl in England and South Africa; **250 mg/dl in England

Burden of cardiovascular disease in the over-65
population

Most cases of CVD are found in the elderly
population, According to U.S. population records,
864,480 people died of these diseases in 2005 [41], 82%
of them over 65 [42]. In terms of morbidity, almost half
of the 80 million Americans having some form of CVD
were over 60 [41]. Moreover, the projections of CHD
cases and deaths in the coming decades are alarming [43-
45]. The United States expects a 26% increase in
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incidence, 47% in prevalence and 56% in mortality
caused by CHD between 2010 and 2040, mainly due to
the progressive aging of the population [43], with a 41%
increase in costs associated with this disease. In China,
in excess of 7.8 million coronary events (69% increase)
and 3.4 million deaths from CHD (64% increase) are
projected for the decade 2020-2029 compared to 2000-
2009 [44]. Finally, the projections for the Spanish
population indicate that by 2049 that 60% of acute
coronary syndrome cases will occur in people over 75
years of age [45].

Prevalence of hypercholesterolemia and age

Epidemiological studies conducted in different
geographical areas have shown a high prevalence of
hypercholesterolemia in later life [11-16, 20] (Table 1).
Western countries have the highest prevalence,
consistent with the higher incidence of cardiovascular
disease and death.

Hypercholesterolemia and ischemic heart disease

The Prospective Studies Collaboration meta-
analysis, which brought together 61 mainly European
and American cohort studies, concluded that a lower
total cholesterol plasma concentration of 1 mmol/L (39
mg/dL) was associated with a lower risk of mortality
from CHD (hazard ratio: 0.83, 95% CI: 0.81-0.85) in
individuals of both sexes from 70 to 89 years of age [46].
This association was continuous, with no risk thresholds
[49, 50]. However, cohort analysis of elderly individuals
has produced mixed results in the degree of association
between cholesterol levels and CHD [48-53]. In the
follow-up of a cohort with an average age of 80+ (63%
with a history of CHD) before statins were used,
increases of 10 mg/dL in total cholesterol levels
augmented the risk of developing coronary events by
1.12 [48]. Moreover, analysis of the Kaiser Permanente
Heart Study and Framingham Heart Study cohorts
showed significant associations between cholesterol
levels and the risk of CHD mortality in individuals with
and without a history of CVD [49-51]. However, in the
EPESE cohort, consisting of individuals with an average
age of 79 years, there was no significant association
between total cholesterol levels > 240 mg/dL and CHD
incidence and mortality, or all-cause mortality [52]. In an
analysis of this same cohort, Corti et al [53] allude to the
need for additional adjustment for frailty indicators
(blood iron concentration and levels of albumin) because
this was a highly vulnerable population. In fact, the
analysis adjusted for these frailty indicators did show
that ischemic heart disease mortality -- and higher all-
cause mortality -- was significantly higher in individuals
with total cholesterol levels >240 mg/dL. In subsequent
studies this association is more complex, with increased

risk of mortality in the elderly with low total cholesterol
levels [54-59]. In fact, Honolulu Heart Program
researchers confirmed these results after repeating the
adjusted models proposed by Corti et al in the EPESE
cohort [54]. It is now believed that the association
between total cholesterol and mortality has a J-shaped
curve in the elderly. It is possible that low cholesterol
levels in older people are an indicator of comorbidity and
frailty [59-61] and increased risk of mortality.

In addition, a progressive decline has been reported
in the relative risk that total cholesterol confers on CHD
mortality in the elderly [62,63], which probably masks
the decrease in HDL cholesterol [46]. The protective
effect of this cholesterol fraction has been known for
years [50, 64, 65]. A decrease of 10 mg/dL of HDL
cholesterol is associated with an increased likelihood of
coronary events in men by a factor of 1.70 and in women
by 1.95, while an increase of 10 mg/dL of LDL
cholesterol increased it by 1.28 [48]. The effect of
reduced levels of HDL cholesterol on coronary risk
would be greater than an increase in LDL cholesterol
levels in the elderly [66].

Hypercholesterolemia and stroke

Strokes are a leading cause of death in older people.
A third of ischemic stroke cases are diagnosed in
individuals over the age of 80, greatly increasing short-
term mortality in this age group [67]. The most
significant risk factors in the development of strokes are
age, sex, systolic blood pressure, diabetes, smoking, left
ventricular  hypertrophy, heart failure and atrial
fibrillation [68]. Of all of these, arterial hypertension is
the one with higher relative and attributable risk. The
role of hypercholesterolemia in the development of
strokes is, however, disputed [69,70].

The Prospective Studies Collaboration meta-analysis
[46] reports a negative or insignificant association in
subjects aged 70 or over between total cholesterol and
mortality due to global or ischemic strokes, and low
levels of total cholesterol was associated with an
increase in mortality due to hemorrhagic strokes between
the ages of 70 and 80. Also observed was an inverse
association between total cholesterol levels and the
severity of ischemic strokes [71-74]. For example, the
results of the Copenhagen Stroke Study, which included
hospital patients diagnosed with strokes, showed that
higher levels of total cholesterol were associated to a
lesser extent with cerebral infarction, and therefore, the
event was less serious and mortality due to this cause
was lower [74]. The authors suggest that this could be a
reason for the lower mortality observed in elderly
individuals with high levels of total cholesterol [54-58].
Various studies in elderly people have shown how
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elevated levels of HDL cholesterol can protect against
the development of ischemic strokes [70-77].

Hypercholesterolemia and peripheral artery disease

PAD is closely associated with age, with estimated
prevalence three times greater when asymptomatic cases
are considered [78,79], conferring a marked risk of
patients presenting with other CvD [80,81]. The role of
hypercholesterolemia in this disease is disputed, as
prospective studies in the general and elderly population
have variously reported no association, or a role only for
some forms of disease or certain population groups [82-
85]. In the Framingham study, which had a 36-year
follow-up, total cholesterol >240 mg/dL in people over
65 did not confer a significantly increased risk of PAD,
except in men younger than 65 with a relative risk (RR)
of 2.0 [82]. In a prospective Dutch study of 2,589
subjects with an average age of 64 and 7.2-year mean
follow-up, hypercholesterolemia showed no significant
predictive value for all clinical forms of PAD, although
asymptomatic forms were predicted (odds ratio (OR):
1.6, 95% CI: 1.1-2.5) [83]. Other studies that found no
association include the Quebec Cardiovascular Study
with respect to the onset of intermittent claudication [84]
and the DESIR study of 3,805 French subjects under the
age of 65 with a 6-year follow-up [85].

Some prospective studies, however, did report a
relationship [86-88]. The 25-year Health Professional
Follow-up Study, which included almost 44,000 men of
working age, showed that the diagnosis of
hypercholesterolemia was associated with the incidence
of PAD, defined as both symptomatic and asymptomatic
forms of the disease, conferring a population attributable
risk of 17% (95% CI. 7%-26%), lower than the
hypertension estimate of 41% (95% CI: 31%-50%) and
smoking 44% (95% CI. 33%-53%) and slightly higher
than diabetes 14% (95% CI: 10%-19%), which was
much less prevalent [86]. Another study reported this
association in middle age [87] and one for patients over
65 detected that only total cholesterol worsened the
evolution of the ankle-brachial index [88]. The reasons
that have been advanced for this lack of association have
included the use by many patients of lipid-lowering drug
treatment, which delays PAD progression [82] as has
been shown in clinical trials [89, 90], or simply being a
reflection of the less relevant role  of
hypercholesterolemia in the development of lower limb
ischemia compared to other vascular beds and the lack of
joint assessment with HDL cholesterol [82, 91]. In the
Framingham study, the total cholesterol/HDL ratio
showed differences in the Kaplan-Meier curves for the
occurrence of PAD in men and women between the ages
of 45 and 84 [82]. In the Women’s Health Study, HDL
cholesterol significantly decreased the risk of PAD [91].

Cross-sectional studies have found reduced levels of
HDL cholesterol in elderly people with PAD [76, 92,
93], as in the Offspring cohort of the Framingham study,
with an average age of 60, in which only the HDL
cholesterol value showed association when adjusted for
the other variables [92]. However, to further complicate
the situation in the DESIR study, the elevated levels of
HDL cholesterol behaved as a risk factor for PAD. The
authors attributed this increased risk to the possible
effect of the functionality of the different subtypes of
HDL cholesterol [94].

Treatment of hypercholesterolemia in the elderly

Lipid-lowering therapy in elderly patients has attracted
growing interest in recent years due to the progressive
increase in this population and increased survival of
those who already have some form of CVD. The
exclusion of elderly patients from the first major clinical
trials resulted in a lack of evidence as to whether it was
possible to obtain the same benefits and with the same
security as in the younger population. Moreover, the lack
of a unanimous characterization of the elderly patient
and the high comorbidity has also hampered comparison
between studies and the drawing of conclusions on these
aspects.

Changes in lifestyle

Recommendations for the prevention of CVD are
based on smoking sensation, a lower-fat diet in terms of
quantity and quality, and regular physical exercise [1,
21]. These recommendations are generally derived from
studies of the younger population. There is no abundant
evidence of the benefit to elderly patients. Smoking
cessation is the most cost-efficient way to reduce the risk
of CVD and death, including elderly patients [95].
Different diets have shown effectiveness in reducing
total cholesterol, LDL cholesterol and triglycerides and
increasing HDL cholesterol [96-98]. Most of these are
based on a reduction of total saturated fat content,
replaced by mono and polyunsaturated fats, as well as
other dietary changes. Some studies indicate a lower risk
of cardiovascular disease and death in primary [99,100]
and secondary [96, 101] prevention, with the amount of
-3 fatty acids from fish or supplements as an associated
beneficial factor. Moreover, it is known that low-calorie
weight-reduction diets, generally at the expense of a
reduction of total fat, improve the lipid profile in obese
patients [102]. There is no evidence, however, to suggest
that these diets improve the lipid profile and provide a
clinical benefit in the form of preventing cardiovascular
events or increasing survival in the elderly, so caution is
recommended when indicating diets that can lead to poor
nutrition in this age group.
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Regular physical exercise improves the lipid profile
in the general population, but these effects in the elderly
have not been clearly demonstrated [103-109]. In a study
of individuals aged between 45 and 65, the amount and
intensity of exercise was significant in terms of HDL and
triglyceride levels, as well as favorable changes in the
size of the lipoproteins. Some meta-analyses in adults,
including the elderly, also found reductions in total and

resistance [104-106]. These benefits, however, have not
been demonstrated in the elderly population [107,108].
Exercise lowers the risk of death in a wide variety of
clinical situations, but can increase risk in patients with
prior CVD or the elderly [109], so initial medical
supervision is advisable if the patient previously had a
sedentary lifestyle.

LDL cholesterol

in terms of aerobic exercise and

Table 2. Baseline characteristics of major statin studies in primary and secondary prevention of cardiovascular events

Study Type of [Number of | Patients Drug/doses Follow up | Beneficial outcomes [Observations
prevention [patients over (median) | in the intervention
65 years oroup®

AFCAPS/ Primary 6605 22 % Lovastatina 20- 5.2 yrs MI, UA and death

TexCAPS [110] 40 mg vs placebo

ASCOT-LLA Primary 10305 64 % Atorvastatina 10 3.3 yrs MI and CV death Stopped

[111] over 60 yrs  mg vs placebo prematurely

JUPITER Primary 17802 32% over Rosuvastatina 20 1.9 yrs MI, stroke, death, Stopped

[112,113] 70 yrs mg vs placebo revascularization and prematurely
hospitalization.

CHS [114] Primary 1914 100 % Various 7.3 yrs M1, stroke, coronary Only elderly
death and all cause of  people, not
mortality randomized

4S [116,117] Secondary 4444 23 % Simvastatina 20- 5.4 yrs All-cause death, CV

40 mg vs placebo events or
revascularization

CARE [118,119] Secondary 4159 31 % Pravastatina 40 5 yrs Death, major coronary

mg vs placebo events and stroke.

D20 N FR AR Secondary | 9014 39 % Pravastatina 40 6.1 yrs CV death and overall

mg vs placebo and 8 yrs  mortality

HPS [122] Secondary 20536 28% over Simvastatin 40 5 years All- cause and

70 yrs mg vs placebo coronary death, major
CV events and
revascularization

PROSPER [123] Primary 5804 100 % over  Pravastatina 40 3.2 years MI, stroke or CV Only elderly

and 70 yrs mg vs. placebo death. patients.

secondary TIA was
reduced but
not stroke

SPARCL [124] Secondary 4731 Non Atorvastatina 80 4.9 years Non fatal or fatal Increase of

available mg vs. placebo stroke hemorrhagic
stroke

*More detailed explanation in the text
MI: Myocardial Infarction, UA: unstable angina, CV: Cardiovascular, TIA: Transient ischemic attack

The benefits of statin therapy
Although  various

drugs

can

lower

plasma

Primary prevention: No
prevention trials have focused exclusively on the elderly

randomized primary

cholesterol, the bulk of the evidence in preventing
cardiovascular morbidity and mortality comes from
statins, as there are no clinical trials of other drugs in this
population group. We review this evidence in terms of
primary and secondary prevention (Table 2):

population; we will review the main studies that included
the over-65 population. The AFCAPS/TexCAPS clinical
trial [110] included 6,005 men and women, of whom
22% were older than 64 (65-73 years), and had a 5.2-
year follow-up. Compared to a placebo, lovastatin in
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daily doses of 20-40 mg decreased the incidence of non-
fatal myocardial infarction, unstable angina or sudden
cardiac death by 37% overall and 30% in the elderly.
The ASCOT-LLA trial [111] was stopped prematurely
(3.3 years) due to the benefits observed with the use of
10 mg of atorvastatin vs placebo in subjects with normal
cholesterol levels and no history of CHD and at least 3
cardiovascular risk factors. Atorvastatin reduced the
primary endpoint (non-fatal Ml and fatal CHD events of
1.9 vs. 3% p=0.0005). From the sample of 10,305
patients, 6,570 were older than 60 and, in this subgroup,
the RR reduction was similar in individuals who were
younger and older than 60 (34% vs. 36%). The JUPITER
trial [112] also had to be prematurely stopped when
significant differences were observed in favor of the
daily use of 20 mg of rosuvastatin vs placebo. This study
included 17,802 subjects with LDL cholesterol below
130 mg/dL and high-sensitivity PCR over 2.0 mg/L. The
primary endpoint, consisting of cardiovascular death,
myocardial infarction, stroke, revascularization and
hospitalization ~ for  unstable angina, decreased
significantly. Further analysis of the 5,695 patients older
than 70 years [113] also showed a significant decrease in
the primary endpoint in this population, but not in all-
cause mortality. In 2002, the only clinical trial on
primary prevention in the elderly (65+), Cardiovascular
Health Study, was published but was not randomized
[114]; it included 1,250 men and 664 women, with a 7.2-
year mean follow-up. Statin use significantly decreased
the combined point of myocardial infarction, stroke and
death from CHD (16.7 vs. 20.4% p<0.001). It also
decreased all-cause mortality and the results were similar
in the over-75 subgroup. A meta-analysis of primary
prevention trials with statins [115], which recruited more
than 70,000 subjects, determined that benefits were
obtained in all-cause mortality and major coronary and
cerebrovascular events in the over 65 population, but
these did not reach significance.

Secondary prevention: The first clinical trial to
demonstrate the effectiveness of statins in the prevention
of CVD was 4 S [116], which randomized 4,444
individuals with a history of CHD to receive simvastatin
(20-40 mg daily) or placebo. At start-up, 1,021
individuals were between 65 and 70 and were the subject
of a specific analysis compared to younger participants
[117]. Their reduction of the endpoint (all-cause death,
cardiovascular and major cardiovascular events or
revascularization) had a RR similar to the younger
population, but twice the reduction in the absolute risk of
death from all causes and coronary causes was twice.
Later, the CARE study [118] randomized 4,159
individuals of both sexes between the ages of 21 and 75
with a history of myocardial infarction to receive 40 mg
of pravastatin daily vs placebo. After an average of 5

years of follow-up, pravastatin significantly reduced all
of the major coronary events by around 35%. Further
analysis of 1,283 subjects aged 65 and over [119]
showed a significant decrease in the RR of major
coronary events, by 32% (28.1 vs 19.7%, p<0.001), of
coronary death by 45% (10.3 vs 5.8%, p=0.004) and
stroke by 40% (7.3 vs 4.5%, p=0.03) in the pravastatin
group. In 1998, the LIPID study results were published
[120], in which 9,014 patients with previous myocardial
infarction were randomized to receive 40 mg of
pravastatin or placebo, and showed a significant
reduction in death from CHD (12.3 vs 15.9% p<0.001).
The 8-year follow-up of a subgroup of 3,514 patients
older than 65 at the beginning of the study showed a
significant reduction in all-cause mortality, CHD death,
fatal and non-fatal infarction and the need for myocardial
revascularization [121]. The largest study was the Heart
Protection Study [122] with 20,536 individuals of both
sexes (5,806 aged 70-80) with previous myocardial
infarction, other cardiovascular arterial disease or no
coronary disease, randomized to simvastatin 40 mg or
placebo with a 5-year follow- wup. Simvastatin
significantly reduced cardiovascular and all-cause
mortality (12.9 vs. 14.7% p = 0.0003). In the older
group, major cardiovascular events were reduced by
simvastatin, 23% in people aged 65-69 and 18% in those
aged 70-80 at study entry, similar to patients younger
than 65 years (24%). The HPS was the first study to
show benefits in women, the elderly, and patients with
diabetes. The PROSPER study [123] was the only trial
that included only elderly patients. This randomized
study included 5,802 men and women up to the age of 70
and was designed specifically to evaluate the efficacy of
statins in the elderly. Patients received pravastatin 40 mg
daily or placebo. At 3.2 years, pravastatin significantly
decreased the primary end-point: non-fatal myocardial
infarction, stroke or CHD death by 15% compared to
placebo. The risk of stroke was unaffected but transient
ischemic attack was reduced by 25%. The SPARCL
study [124] aimed to determine whether statins
(atorvastatin 80 mg daily) reduced the risk of stroke after
a recent stroke or transient ischemic attack (TIA). The
study included 4,731 patients with an average age of 63
who had either stroke or TIA within one to six months
prior to study entry and had no known CHD. The 5-year
absolute reduction in the primary end point (first non-
fatal or fatal stroke), was 16% but the reduction of major
cardiovascular events risk was 35%. The overall
mortality rate was similar in both groups but there was a
small increase in the incidence of hemorrhagic stroke in
the atorvastatin group.

Several meta-analyses have also been published. The
Cholesterol Treatment Trialists’ (CTT) Collaboration
[125] included 90,056 participants from 14 randomized
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trials with 34,982 patients over 65 and 7,304 over 75.
Statin therapy decreased the incidence of major
cardiovascular ~ events, stroke and  coronary
revascularization in a 5-year follow-up. The relative risk
of CHD death, major coronary events and major vascular
events per mmol/L of LDL cholesterol reduction was
reduced by 22% vs 17%, 26% vs 19% and 22% vs 19%
in the <65-year-old group compared to the >65-year-old
group, respectively. In a new meta-analysis of this same
group [126] of 26 randomized clinical trials with
170,000 participants, the RR reduction of major
cardiovascular events per mmol/L of LDL cholesterol
reduction with statins in one year was 22% in patients
under 65, 22% between 65 and 74, and 16% in patients
75 or older, all of which were significant. Roberts et al
[127] conducted a meta-analysis of 51,351 older adults
to determine the effect of statins on major cardiovascular
events including stroke, concluding that statins
significantly reduced all-cause and CHD mortality and
the risk of stroke and myocardial infarction in the
elderly.

Safe use in the elderly

Statin therapy is generally safe and well tolerated.
Factors that have been associated with an increased risk
of the onset of adverse effects are age, small body size,
female sex, previous renal or hepatic dysfunction,
alcohol abuse and hypothyroidism [21]. The main side
effects associated with its use are myopathy, hepatitis,
diabetes, cancer and hemorrhagic stroke. Myopathy can
manifest itself as myalgia or muscle weakness (present
in 5%-10% of patients in the clinical practice), but is
defined by elevated creatine kinase at least 5 times the
upper limit of normal (ULN) and has a low incidence <
1/1000 of the cases treated. In the only study of the
elderly [123], there was similar incidence of myalgia in
the groups receiving pravastatin versus placebo and no
cases of elevated creatine kinase more than 10 times
ULN or rhabdomyolysis, the main and most serious
complication. In the meta-analysis comparing high
versus low doses of statins, there was an increased risk
of rhabdomyolysis, mainly with 80 mg of simvastatin
daily [126]. Cases of rhabdomyolysis are also more
common with concomitant use of fibrates, particularly
gemfibrozil [128]. Elevated levels of hepatic enzymes
are also common (0.5-2%), are dose-dependent, and
usually subside with dose suspension or reduction. In the
PROSPER study [123], there was only one case of
elevated transaminases of more than three times ULN. In
this same study, the risk of cancer increased in the
pravastatin group by 25% (p= 0.020). WOSCOP 10-year
follow-up studies, also with pravastatin, did not observe
this increased risk [129], even in the main meta-analyses
[115, 126], although safety in the elderly population was

not specifically studied. The increased RR of 1.66 (95%
Cl: 1.08-2.55) for hemorrhagic strokes comes
particularly from the SPARCL trial [124] of atorvastatin
80 mg in patients with prior stroke. Its authors have
linked it with initially low numbers of LDL or with a
history of hemorrhagic stroke. The CTT meta-analysis
[126] specifically studied this risk and found an
insignificant increase. In the most recent meta-analyses
[130, 131], which studied the overall safety of statin use,
no increased risk of cancer, rhabdomyolysis or high
creatine kinase was observed. There was an increased
risk of diabetes (OR: 1.09, 95% CI: 1.02-1.16), elevated
AST (OR: 1.12, 95% CI: 1.02 - 1.22) and ALT (OR:
1.30, 95% CI: 1.13 - 1.50) [133]. In the analysis that was
differentiated by the various molecules, lovastatin was
associated with an increase in AST, simvastatin with an
increase in ALT, and rosuvastatin with increased
diabetes [131]. None of these studies specifically
analyzed the elderly population.

Clinical guideline recommendations

Recently published European guidelines [21]
recommended treating the total burden of CVD in the
population and stated that “primary prevention in the
elderly should not differ from that of younger subjects”.
In brief, treatment with statins in the elderly with CVD is
recommended in the same way as for younger patients
(Class 1 Level B). The guideline included a
recommendation to start lipid-lowering medication at a
low dose in the elderly (Class I level C). Finally, for
elderly people without CVD, particularly if at least one
CV risk factor exists, the recommendation for statin use
is weak (Class Ilb Level B). The NCEP Il guidelines
recommended specific lipid goals based on a person’s
overall risk of CHD: the higher the risk, the lower the
goal; this recommendation included the elderly
population [132]. At the same time, if the suggested
cholesterol level cannot be achieved with the use of
statins, the guidelines recommend adding nicotinic acid
or ezetimibe to the therapeutic regimen and, in patients
with high risk and hypertriglyceridemia or low HDL
cholesterol, a fibrate or nicotinic acid combined with a
statin as well, although there are no studies of the effect
on morbidity and mortality in elderly patients.

Recommendations for very elderly patients

There is not available enough evidence in the use of
statin in the very elderly patients (80 and over), but we
have to take into account that this is a high risk group
who could benefit significantly from lipid-lowering
therapy to reduce cardiovascular events [21]. Until we
have enough evidence, clinical judgment should guide
decision-making.
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Conclusions

Hypercholesterolemia is highly prevalent in the elderly
population because of its association with environmental
and genetic factors and comorbidity. The majority of
cardiovascular disease and death is also concentrated in
this population. The link between elevated plasma
cholesterol and CHD has been well demonstrated in this
age group, while evidence is lacking to confirm a link
with ischemic stroke and PAD. Statin therapy is effective
in secondary prevention of CHD in the elderly; for stroke
prevention, the balance between risks and benefits has
yet to be clearly established. Regarding PAD, not
enough studies have been done to show the benefits with
respect to disease progression and prevention of
amputations. There is also a lack of evidence on the
usefulness of statins in primary prevention, especially
after the age of 80. Statin therapy in the elderly is safe if
the recommendations for this population are followed,
although side effects may occur more frequently than in
the younger population. Further intervention studies are
necessary to determine the role of statins in the
prevention of strokes and PAD, especially in the older
population.
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