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Abstract
Increased plasma cholesterol is a well-known risk factor for cardiovascular diseases in middle and
early old age. At older ages, this association seems to disappear. Very few studies have assessed
the impact of the lifelong cholesterol burden on old age, the purpose of this thesis. Study
populations consisted of 1) old persons with familial hypercholesterolemia (FH), a genetic
disorder associated with an increased risk of coronary heart disease (CHD) if untreated, and 2)
initially healthy men (The Helsinki Businessmen Study, HBS) followed-up from midlife to old
age.
A population-based FH cohort, aged ≥ 65 years (n=37, aged 65 to 84 years) agreed to
participate in this study. All but one of them had been using statin therapy for approx. 15 years.
Variables studied were: health-related quality of life (HRQoL) with questionnaires (RAND-36,
15D), a brain magnetic resonance imaging (MRI) scan and cognitive tests (CERAD).
These older FH patients enjoyed a similar HRQoL as controls in the general population. Only
two (6%) of the older FH patients had clinically silent brain infarcts detected by MRI and those
aged 65 to 74 years did not have more white matter hyperintensities (WMHIs) when compared to
middle-aged controls. In the cognitive assessments, FH patients, especially those with duration of
statin therapy longer than median, even expressed better episodic memory than population
controls.
HBS consists of a cohort of men (3277 men) who at baseline (1964–1973) were healthy and in
their 40s. They were subdivided into seven groups according to baseline total cholesterol value at
1 mmol/L intervals starting from ≤ 4 mmol/L. In 2000, at a mean age of 73 years, they filled a
postal questionnaire including RAND-36. Cumulative mortality data were collected up to January
2010. A strong and graded relation was found between the cholesterol level and total mortality,
those men with a cholesterol level ≤ 4 mmol/L exhibiting the lowest mortality. A low cholesterol
value at midlife also predicted a better score in the Physical functioning scale of RAND-36 in old
age.
In conclusion, in initially healthy men, a low cholesterol value at midlife was associated with
better survival and better physical function in old age. Despite their genetic risk, FH patients on
long-term statin medication seemed to enjoy a health and cognitive status similar to the general
population.

Keywords: brain infarction, cholesterol, cholesterol LDL, hypercholesterolemia,
hyperlipoproteinemia type II, magnetic resonance imaging, quality of life
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Tiivistelmä
Suurentunut plasman kolesterolipitoisuus on tunnettu valtimotautien riskitekijä keski-iässä, mutta vanhuusiässä kolesterolin merkitys näyttää vähentyvän. Hyvin harvassa tutkimuksessa on tutkittu elämänaikaisen kolesterolitason vaikutuksia vanhuusiän terveydentilaan, kuten tässä väitöskirjatyössä. Tutkimuskohteina olivat 1) iäkkäät, joilla on familiaalinen hyperkolesterolemia (FH)
eli perinnöllinen sairaus, johon hoitamattomana liittyy lisääntynyt sepelvaltimotaudin riski, sekä
2) alun perin terveet miehet (Helsingin Johtajatutkimus), joita seurattiin keski-iästä vanhuuteen.
Väestöpohjainen, 65 vuotta täyttänyt (65–84 vuotta, 37 henkilöä) FH-potilaiden ryhmä oli
yhtä lukuun ottamatta käyttänyt keskimäärin 15 vuoden ajan statiinilääkitystä. Heille tehtiin seuraavat tutkimukset: terveyteen liittyvän elämänlaadun kyselyt (RAND-36- ja15D-mittarit), aivojen magneettitutkimus (MRI) ja kognitiota tutkivat testit (CERAD).
FH-potilaiden elämänlaatu ei eronnut väestöverrokeista. Aivojen MRI tutkimuksessa vain
kahdella (6 %) FH-potilaalla oli todettavissa kliinisesti hiljainen aivoinfarkti ja 65–74-vuotiailla
FH-potilailla ei ollut enempää valkean aineen muutoksia kuin keski-ikäisillä verrokeilla. Kognitiotutkimuksissa FH-potilailla oli parempi episodinen muisti kuin väestöverrokeilla, etenkin niillä FH-potilailla, joiden statiinihoidon kesto oli mediaania pidempi.
Helsingin Johtajatutkimukseen kuului alun perin 3 277 lähtötilanteessa (1964–1973) tervettä
keski-ikäistä miestä. Heidät jaettiin lähtövaiheen kolesterolitason perusteella seitsemään ryhmään yhden millimoolin välein siten, että alin ryhmä oli alle 4 mmol/l. Vuonna 2000 (keski-ikä
73 vuotta) lähetettiin postikysely, johon kuului myös RAND-36. Kokonaiskuolleisuutta seurattiin tammikuuhun 2010 asti.
Kokonaiskuolleisuuden ja keski-iän kokonaiskolesterolin välillä oli vahva ja asteittainen suhde siten, että niillä miehillä oli pienin kuolleisuus, joilla oli alin kolesteroli (alle 4 mmol/l). Pienin kolesterolipitoisuus keski-iässä oli myös yhteydessä RAND-36-mittarin Fyysinen toimintakyky -osion parempaan pistemäärään.
Yhteenveto: Alun perin terveillä miehillä pieni kolesterolipitoisuus keski-iässä ennusti pitempää elämää ja myös parempaa fyysisistä toimintakykyä vanhalla iällä. Huolimatta perinnöllisestä riskistä oli pitkäaikaista statiinilääkitystä käyttäneiden FH-potilaiden terveydentila muuta
väestöä vastaava.

Asiasanat: aivoinfarkti, elämänlaatu, hyperkolesterolemia, kolesteroli, LDL-kolesteroli,
magneettikuvaus, tyypin II hyperlipoproteinemia
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1

Introduction

An elevated level of cholesterol is a well-known risk factor for cardiovascular
diseases in middle and early old age, but at older ages, this association seems to
disappear or even to become reversed (Räihä et al. 1997, Schatz et al. 2001). It has
also been suspected that low or lowered total cholesterol might adversely affect
mental functioning and HRQoL (Äijänseppä et al. 2002, Muldoon et al. 2000).
However, the cholesterol level is known to decrease in old age (Ferrara et al. 1997)
and thus, the cholesterol level present in old age does not necessarily represent
lifetime exposure. There are very few studies which have assessed the impact of the
lifelong cholesterol burden on old age.
Familial hypercholesterolemia (FH) is a genetic, autosomal dominant disorder
mainly caused by mutations in the low-density lipoprotein (LDL) receptor gene.
It is characterized by two-fold higher LDL level than that found in the general
population starting from birth, the presence of tendon xanthomas and premature
cardiovascular disease, if untreated. FH in a heterozygous state occurs with a
prevalence of approximately one in 500 individuals (Goldstein el al. 2001). Since
their introduction in 1987, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors (statins) have become the cornerstone of the current treatment
of FH (Huijgen et al. 2008). Statins have revolutionized the prognosis of FH patients
(Versmiseen et al. 2008, Neil et al. 2008). When statin therapy initially became
available in the late 1980`s, FH patients were among the first users and, given their
severe condition, they have also been highly compliant to this therapy. Therefore,
FH patients have been using statin therapy for longer and more consistently than
any other group of patients in the world.
Alzheimer`s disease (AD) and cerebrovascular disease are the commonest
forms of dementia affecting older people and they often coexist (Schneider et al.
2007). There is accumulating evidence pointing to a role for cholesterol in the
development of AD. The key event leading to AD seems to be the formation of
amyloid-beta peptide (Abeta), a product of amyloid precursor protein (APP)
(Selkoe 2000). Cholesterol has been shown to modulate this process. For example,
animal studies have shown that diet-induced hypercholesterolemia can result in
significantly elevated levels of Abeta in brain tissue and cholesterol depletion
causes a shift to non-amyloidogenic APP processing, resulting in reduced Abeta
levels (Sparks et al. 1994, Refolo et al. 2000, Simons et al. 1998, Fassbender et al.
2001). Many long-term prospective population-based studies have indicated that
elevated cholesterol levels in midlife increase the risk of AD in later life (Notkola
17

et al. 1998, Kivipelto et al. 2001, Whitmer et al. 2005). Treatment with statins has
been associated with a lower prevalence of diagnosed AD in some, but not in all,
studies (Wolozin et al. 2000, Jick et al. 2000, Li et al. 2004, Zandi et al. 2005,
Cramer et al. 2008).
Previously, few individuals with FH lived long enough to display any signs of
cognitive disorders and dementia. With current statin therapy, this severe, excess
cardiovascular burden of FH patients is rapidly disappearing. Since a greater
proportion of FH patients now live into old age, we now have the unique possibility
to analyze the health-related quality of life (HRQoL), cognitive status and brain
lesions as detected in magnetic resonance imaging (MRI) scans of aged FH patients
who have been treated with long-term statin therapy and compare their results with
population controls. A survey executed in the 1980`s and early 1990`s (Vuorio et
al. 1997) in the North Karelia province of eastern Finland, with approximately
170 000 inhabitants, revealed 407 FH patients and 340 of them were heterozygous
for the FH-North Karelia mutation. In this population-based cohort of FH patients,
there were 43 persons aged 65 or older still alive in 2004, and the vast majority (37
persons) agreed to participate in the current study. All but one had been treated with
longstanding statin therapy for approximately 15 years.
Since FH patients represent individuals with a high life-long cholesterol
value (before statin therapy), it was also important to study the effects of lower
cholesterol levels during the life course. The loss of function mutations in the
proprotein convertase subtilisin/kexin type 9 gene (PCSK9) are in a way “mirror”
of FH, because they are associated with life-long reduced LDL cholesterol levels
and a lower CHD risk (Cohen et al. 2006, Benn et al. 2010). Accordingly, low
cholesterol value in midlife can be speculated to result in better survival in old
age. However, this requires truly long-term follow-up studies, of which there are
very few. The Helsinki Businessmen Study included an assessment of cholesterol
levels and these values are available from the subjects from early midlife to old
age. Furthermore, mortality and HRQoL data have now been collected in old age.
The cohort includes a socioeconomically homogenous group of men (born 1919
to 1934, n=3277 for whom there is a cholesterol measurement) who at baseline in
the 1960`s and early 1970`s were clinically healthy and not treated with chronic
medications.
The purpose of this study was to evaluate the effect of the lifetime cholesterol
burden on mortality, cognition and HRQoL in old age in two different populations:
old FH patients compared to non-FH controls, and the Helsinki Businessmen cohort
who had been followed-up from midlife to old age.
18

2

Review of the literature

2.1

The effect of the cholesterol value on mortality and HRQoL in
old age

An elevated level of cholesterol is a well-known risk factor for CHD in middle
age and early old age, but at older ages this association seems to disappear or even
to become reversed (Räihä et al. 1997, Psaty et al. 2004). A low total cholesterol
value in old age has been associated with increased risk of death in several studies
(Schatz et al. 2001, Weverling-Rijnsburger et al. 1997, Tilvis et al. 2011). However,
the mechanisms of this association are poorly understood. In the Helsinki Aging
Study, a prospective birth cohort study (age over 75 years, n= 623), the cholesterol
metabolism and clinical characteristics at baseline and their relationships with 17year prognosis in late life were investigated. The results revealed that indicators of
cholesterol synthesis (lathosterol) and cholesterol absorption (sitosterol) decreased
with age and deteriorating health. The endogenous reduction in cholesterol
synthesis and absorption were accelerated by frailty and diseases. In conclusion, a
low cholesterol value is a surrogate marker for decreasing cholesterol synthesis and
absorption (Tilvis et al. 2001, Tilvis et al. 2011). Furthermore, it has been suspected
that low or lowered total cholesterol might adversely affect mental functioning and
HRQoL (Äijänseppä et al. 2002, Muldoon et al. 2000).
However, the timing of the cholesterol value measurement is crucial. Total
and LDL cholesterol levels tend to increase progressively with age in young and
middle-aged adults to about 65 years in men and about 75 years in women, after
which time the concentrations appear to fall (Ferrara et al. 1997). As noted above,
many diseases are associated with a declining cholesterol value. In the Finnish
cohort of the Seven Countries Study (Notkola et al. 1998) serum cholesterol values
decreased more rapidly in those men who subsequently developed AD than in
those who did not. The mean serum cholesterol level in men with AD in 1989 was
higher in the first four measurements (1959, 1964, 1969, 1974), but declined more
rapidly after 1974. This same phenomenon was apparent in the Honolulu-Asia
Aging Study, where the cholesterol levels in men with AD had declined at least
15 years before the diagnosis (Stewart et al. 2007). Similar results were obtained
also from the Cardiovascular Risk Factors, Aging and Dementia study (CAIDE).
After an average follow-up of 21 years in the 1449 participants aged 65 to 79
years, a moderate decrease in serum total cholesterol from midlife to late life was
19

significantly associated with the risk of suffering more impaired late-life cognition,
even after adjustments (Solomon et al. 2007).
The impact of serum cholesterol level measured in early midlife on the HRQoL
in old age was assessed in a large Finnish cohort consisting of 3 277 healthy
businessmen age 30 to 45 years at baseline (1960`s). In old age, i.e. after a 39year follow-up, the physical component summary score (PCS) of RAND-36 was
significantly (p=0.02) higher in the lowest baseline cholesterol group (< 5 mmol/L);
no difference was found in the mental component summary score (MCS) (Strandberg
et al. 2004) (Description of RAND-36 in methods, page 67 and table 2, page 55). In
that report, it was observed that what seemed to be quite normal cholesterol level
in old age may have been substantially higher in the same individuals at midlife.
Thus, the current cholesterol level in old age does not necessarily represent lifetime
exposure. Those individuals with a low level of cholesterol in old age are a mixture
of persons with lifelong low levels and individuals who have a low value due to
different diseases and exhibited much higher cholesterol values at midlife.
2.2

Familial hypercholesterolemia

2.2.1 Pathogenesis
Familial hypercholesterolemia (FH) is a monogenic disease, characterized by high
levels of circulating low-density lipoprotein cholesterol (LDL-C), the presence of
xanthomas, and the risk of premature coronary heart disease (CHD) if untreated.
The familial clustering of patients sharing these phenomena was first recognized
in the 1930s (Müller 1938). FH is mainly caused by a mutation in the gene for
the LDL receptor (LDLR), which was discovered by Goldstein and Brown, in
1973 (Goldstein et al. 1974). They also demonstrated that the LDLR defects are
the cause of FH (Goldstein et al. 2001). The characterization of the LDLR gene,
which is located on chromosome 19, occurred in 1985 (Südhov et al. 1985) and
since then over 1600 known LDLR mutations which can cause FH have been
identified (Goldberg et al. 2011). There are also some other, rarer, gene defects
which can evoke similar autosomal dominant hypercholesterolemia. Mutations in
the gene coding for apolipoprotein B (APOB), the major component of the LDLcholesterol particle, cause decreased clearance of LDL, since the mutated protein
has impaired binding with LDLR (Myant 1993). This disease is known as familial
defective APOB (FDB). The Arg3500Gln mutation is the most common cause of
hypercholesterolemia attributable to an APOB mutation (Whitfield et al. 2004). In
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addition, gain-of-function mutations in the proprotein convertase subtilisin/kexin
type 9 (PCSK9), which encodes a serine protease that degrades LDLR, can cause
autosomal dominant hypercholesterolemia (Abifadel et al. 2003). In very rare
cases, autosomal recessive hypercholesterolemia (ARH) arises from mutations in
the gene encoding an adaptor protein involved in the internalization of the LDLR
(Garcia et al. 2001). Phytosterolaemia is characterized by elevated plasma levels of
plant sterols and cholesterol due to hyperabsorption and impaired biliary secretion
of sterols. This is a rare autosomal recessive disorder caused by mutations in ATPbinding cassette transporters, ABCG5 and ABCG8 (Berge et al. 2000, Lee et
al. 2001). In Finland, only FH patients with LDLR mutations and patients with
sitosterolemia have been found (Kovanen et al. 2009).
The LDL receptors, which are located on the surfaces of cells, bind LDL and
facilitate its delivery to the lysosomes, where cholesterol is released from LDL and
used for metabolic purposes. Mutations in the LDLR gene diminish the number of
LDL receptors, resulting in hypercholesterolemia which starts already in childhood.
Defects in the LDLR can be functionally divided into five classes. Figure 1 shows
the different kinds of LDL receptor defects. Class I defects fail to produce protein,
no detectable LDL receptor (null alleles). Class 2 defects encode proteins that are
blocked in transport between the endoplasmic reticulum and the Golgi apparatus
(transport-defective alleles). In class 3, LDL receptors are transported to the cell
surface, but fail to bind LDL normally (binding-defective alleles). In class 4, the
LDL receptors bind LDL normally, but fail to cluster in coated pits and thus do not
internalize bound LDL (internalization-defective alleles). In class 5, the receptors
internalize LDL in coated pits, but cannot discharge the LDL when they reach
the endosome and fail to recycle to the cell surface (recycling-defective alleles)
(Goldstein et al. 2001). It has been proposed that there is a class 6 mutation, which
is due to a failure of directing LDL receptors to the basolateral surface of polarized
cells (Koivisto et al. 2001). The FH-North Karelia (FH-NK) mutation is a seven
base-pair deletion in exon 6 of the LDL receptor gene resulting in a null allele, i.e.
it belongs to the class 1 mutations (Koivisto et al. 1992). Other major mutations
existing in Finland are FH-Helsinki (represents the class 4 defect), FH-Pori
(represents the class 5 defect) and FH-Turku (belongs to the class 6 mutations).
FH heterozygotes have one normal LDL receptor gene allele and one mutated
one. This leads to two- to three-fold elevated serum LDL cholesterol levels because
LDL is removed from serum at a reduced rate. In the homozygous form of FH,
where both alleles of LDL receptor gene are mutated, the serum LDL levels are
five- to six-fold elevated from birth onwards (Goldstein el at. 2001).
21

Figure 1. LDL receptor gene defects.
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2.2.2 Prevalence
The frequency of heterozygous FH has been established to be approximately 1 in
500 individuals in the general population worldwide, making this disorder one of
the most common inherited metabolic diseases (Goldstein et al. 2001). In some
populations, the frequency is higher due to a founder effect. This refers to the
predominance of one or a few mutations in a population. Usually these populations
have migrated in small groups and expanded in an isolated setting. Afrikaners in
South Africa (1:100), French Canadians (1:270) and Christian Lebanese (1:170)
are examples of these founder effects (Goldstein et al. 2001, Kotze et al. 1991, Vohl
et al. 1997). In North Karelia, eastern Finland, it has been possible to track to the
17th century, the common ancestor for the FH-NK mutation patients. This mutation
is a founder mutation and accounts for approximately 85% of FH cases in Finnish
North Karelia (Vuorio et al. 1997). The prevalence of FH in North Karelia is 1 in
every 440 inhabitants.
The frequency of homozygous FH, where both alleles of LDL receptor
are mutated, is 1 per million individuals (Goldstein et al. 2001). However, the
prevalence of homozygous FH has been calculated to be 1 in 30 000 in Transvaal
Afrikaners in South Africa (Seftel et al. 1980).
2.2.3 Clinical features
Serum LDL cholesterol levels in the heterozygous form are two to three times higher
than the mean of normal population controls of similar age. Hypercholesterolemia
is present already at birth in FH and this lifelong hypercholesterolemia leads
to cholesterol deposition on tendons (xanthomas) and early atherosclerosis
manifesting often with premature CHD (Goldstein et al. 2001). Tendon xanthomas
occur especially in the Achilles tendons and in the extensor tendons of fingers.
They became apparent after about the age of 25 to 30 years. Arcus cornea is a
thin white opaque ring in the corneal margin resulting from cholesterol deposits.
Tendon xanthomas are pathognomic for FH unlike arcus cornea and palpebral
xanthelasmas, which can also be observed in persons with normal lipid values
(Goldstein et al. 2001).
The intima media thickness (IMT) of carotid and femoral arteries is widely
accepted as a validated surrogate marker for atherosclerotic disease. It has been
shown that the rate of IMT progression is significantly higher in the group of FH
patients compared with controls (De Groot et al. 2004). A significant deviation in
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carotid IMT was noted from the age of 12 years in children with FH as compared
to unaffected siblings. Affected children had a five-fold more rapid increase in the
IMT during childhood years than their healthy siblings (Wiegman et al. 2004). This
is evidence that the atherosclerotic process had been initiated already in childhood.
Premature CHD is the most important clinical manifestation of FH. In one of
the early studies it was shown that the cumulative probability of CHD was 85% for
males and 57% for females by the age of 60 years (Slack 1969). The mean age of
onset of CHD has been between 40 to 45 years in males and the onset of disease
is delayed by approximately 10 years for females compared to males (Gagne et al.
1979, Beaumont et al. 1976). In the Simon Broome Familial Hypercholesterolemia
Register Group, there was a cohort of 1180 FH persons aged 20 to 79 years who
were followed prospectively from 1980 to 1995 for 8770 person-years. The excess
mortality from CHD was highest in the age group 20 to 39 years. In women aged 20
to 39 years, the relative risk of a fatal coronary event was increased by 125-fold and
in men aged 20 to 39 years, the relative risk was increased by 48-fold. Mortality
decreased significantly with age, such that no excess mortality was present in the
age group 60 to 74 years (Scientific Steering Committee on behalf of the Simon
Broome Register Group 1999).
However, there is a substantial variation in the onset and severity of CHD. The
group of Sijbrands studied all cause mortality over two centuries in a large pedigree
with FH (Sijbrands et al. 2001). They noted that the level of excess mortality varied
significantly over time. There was no excess mortality in the 19th and early 20th
centuries, but it rose after 1915, reached its maximum between 1935 and 1964 and
fell thereafter. The maximum standardized mortality ratio (SMR) was 1.78 (95%
confidence interval 1.13–2.76). They concluded that this variation in mortality was
evidence for the presence of an interaction between genetic and environmental
factors.
Age, male gender and smoking are among the strongest predictors of premature
CHD in FH (Hopkins et al. 2001, Alonso et al. 2008, Vuorio et al. 1997, Neil et al,
2004, Jansen et al. 2004). Low high-density lipoprotein cholesterol (HDL-C) has
also been demonstrated to be a risk factor for CHD in FH (Jansen et al. 2004, Neil
et al. 2004, Real et al. 2001). The relationship with the risk of CHD and elevated
lipoprotein(a) levels has not been found in some large studies (Alonso et al. 2008,
Neil et al. 2004) but some reports indicate, that lipoprotein(a) levels may be
associated with the risk in those cases where CHD occurs early (Jansen et al. 2004,
Hopkins et al. 2001). The presence of hypertension and diabetes mellitus (DM) are
also associated with an increased risk of cardiovascular disease (Jansen et al. 2004,
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Souverein et al. 2007). Receptor-negative alleles have been found to be associated
with a greater elevated CHD risk than receptor-defective alleles (Bertolini et al.
2000, Alonso et al. 2008). However, in one analysis from the Netherlands it was
concluded that event-free survival depended more on actual LDL-C levels caused
by the mutation than on the type of mutation itself (Souverein et al. 2007).
The importance of environment in modifying the phenotype of FH became
evident in a study comparing the phenotypes of two groups of FH heterozygous
individuals, matched for age and sex, sharing the same LDLR mutations. One
group was living in China and the other group in Canada. Those living in Canada
and following western lifestyle exhibited about 70% higher LDL cholesterol levels
than those living in China. Furthermore, among those living in China, none had
xanthomas or CHD (0/18), while among those living in Canada, 6/16 had evidence
of tendon xanthomas and 4/16 had a history of premature CHD (Pimstone et al.
1998).
A higher survival of ancestors with FH was reported also in Utah pedigrees
(Williams et al. 1986). They discovered that all 26 males born after 1900 died
early with CHD, often in the third or fourth decades of life, but in contrast, only
one of five males born in the19th century had CHD before the age of 60 years.
They postulated that these pioneers shared a healthier lifestyle. They were all
non-smokers, were more physically active and consumed a diet that was lower in
saturated fat compared with their descendants. Thus environmental factors play
clearly a crucial role in the susceptibility to CHD.
In addition to CHD, the prevalence of peripheral arterial disease (PAD) has
been reported to be greatly elevated in FH persons relative to non-FH controls
(Perhoniemi et al. 1989, Kroon et al. 1995). A minireview claimed that the
prevalence of PAD has increased from five- to 10-fold in FH subjects compared
with non-FH controls (Hutter et al. 2004).
The association between clinical FH and stroke has been more controversial.
A Finnish study followed up a cohort of 54 FH patents for an average of 10 years.
The mean age at entry was 37 years (range 21–50 years) and a mean cholesterol
value 13.5 mmol/L. This study detected a 20-fold excess risk of a transient
ischemic attack (TIA), fatal or non-fatal stroke (Kaste et al. 1988). On the contrary,
a Japanese study prospectively followed for 10 years 542 FH patients, of whom
15 were homozygous. During this time, five homozygous and 41 heterozygous
subjects died. The proportional mortality for strokes was found to be 9.8%, which
is similar to the proportional mortality for stroke events in the general Japanese and
British populations (Mabuchi et al. 1986). However, there were 12 sudden deaths
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and in none of these was an autopsy performed. A cohort of 2871 FH persons was
followed prospectively from 1980 to 1998 for 22 992 person-years for a median
duration of 7.9 years in the United Kingdom. A total of 169 deaths occurred; 9
(5.3%) were a result of stroke. The standardized mortality ratio for fatal stroke
was nonsignficantly lower than in the general population (Huxley et al. 2003). It
was concluded that patients with treated FH are not at increased risk of suffering
a fatal stroke. However, this study did not include non-fatal strokes and thus the
possibility cannot be excluded that untreated individuals are at increased risk in
this respect. However, a recent review has concluded that effective lowering of
LDL-C by modern statin treatment may help to reduce the incidence of stroke in
FH patients (Vuorio et al. 2011).
The phenotype of homozygous familial hypercholesterolemia is striking.
Cutaneus xanthomas appear within the first four years of life and coronary heart
disease begins in childhood (Goldstein et al. 2001). In addition to drug treatment,
these patients benefit from other treatment modalities, such as LDL apheresis or
liver transplantation (Durrington, 2003).
2.2.4 Diagnosis
The clinical diagnosis of FH includes the presence of high plasma value of total
and LDL cholesterol (total cholesterol values > 8 mmol/L in adults and > 7 mmol/L
in children), the exclusion of secondary hypercholesterolemia due to renal, liver
or thyroid disease or hypercholesterolemia in conjunction with a high triglyceride
value, and a family history of hypercholesterolemia or the presence of tendon
xanthomas in the patient or in a first-degree relative or the presence of early CHD
(< 50 years in males and < 60 years in females) in a first-degree relative (Kovanen
et al. 2009). There are several validated sets of criteria with which to make a formal
clinical diagnosis of FH such as U.S. Make Early Diagnosis Prevent Early Death
(MEDPED), The Dutch Lipid Clinic Network criteria and Simon Broome Register
criteria in the United Kingdom (Yuan et al. 2006).
Earlier, the LDL receptor activity of stimulated lymphocytes, as measured by
an improved flow cytometric assay, was used to diagnose FH (Urdal et al. 1997).
Nowadays, the diagnosis of FH is commonly confirmed by DNA testing. However,
this may be difficult because of the large number of possible mutations. For example,
in the United States, the use of DNA testing is limited owing to this reason (Sibley
et al 2006). The use of DNA testing is common in those countries where the known
founder mutations predominate, for example in Finland, where seven mutations
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of LDLR gene account for over 90% of all FH cases (Kontula 2005). However,
genetic testing has also been very common in the Netherlands despite the large
number of mutations in that country; because a molecular screening program was
set up to actively identify all FH patients (Umans-Eckenhausen et al. 2001).
2.2.5 Treatment
FH patients are advised to adhere to a healthy lifestyle, such as strict low-saturatedfat (< 7% of total energy), low-cholesterol diet (< 200 mg/day), use of soluble
fiber 10–20 g/d, frequent physical activity and no smoking (Goldberg et al. 2011).
This kind of lifestyle and diet should be adopted at an early age in childhood.
It has been shown to be safe already at the age of 7 months in non-FH children
(Lapinleimu et al. 1995, Niinikoski et al. 1996). The incorporation of plant sterols/
stanols in the diet in different food vehicles (margarine/fat spreads, salad dressings,
low fat yogurt for example) inhibit cholesterol absorption, resulting in serum LDL
cholesterol reduction of about 10–15% without evoking any adverse side effects
(Vuorio et al. 2000, Moruisi et al. 2006). It has been proved to be a safe and
effective hypolipidemic treatment both for children and adults (Vuorio et al. 2000).
Statins are inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase. The mevalonate pathway is shown in figure 2. By inhibiting the ratelimiting step of cholesterol synthesis, statins decrease the hepatic cholesterol pool,
thus enhancing LDL-C liver uptake and resulting in increased LDL-C clearance
(see figure 3). Statins can achieve LDL-C reductions of between 33 to 58% (Law
et al. 2003). These reductions in LDL-C are associated with a major decrease
in the cardiovascular event rate (Baigent et al. 2010). Statins have become the
cornerstone of the current treatment guidelines (Civeira 2004). Beyond their
cholesterol-lowering properties, statins have multiple pleiotropic effects (Zhou
et al. 2010). It seems that statin treatment is efficient and safe also in children
(Vuorio et al. 2010). Early statin therapy in children restores endothelial function
(de Jongh et al. 2002) and delays the progression of carotid IMT (Rodenburg et
al. 2007). High-dose statin therapy has been shown to reduce arterial wall IMT in
FH subjects (De Sauvage Nolting et al. 2003, Smilde et al. 2001). Two recently
published prospective studies indicated that with statin treatment, FH patients have
a risk of myocardial infarction which is not significantly different from that of the
general population (Neil et al. 2008, Versmissen et al. 2008)
International guidelines on the treatment of FH consider the treatment target
for LDL-C of < 2,5 mmol/l (100 mg/dL) as the optimal level (Civeira 2004,
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Goldberg et al. 2011). An alternative treatment goal is achievement of >50%
reduction in LDL-C levels (Wierzbicki et al. 2008). However, these goals are
difficult to reach. In a recent study from Netherlands, the data of 1249 FH patients
were available and only 21% of patients had achieved the LDL-C goal of < 2,5
mmol/l (Pijlman et al. 2010). In order to reach these goals, it is often mandatory
to use combination therapy. Ezetimibe, plant sterols and stanols and bile acid
sequestrants can be combined with a potent statin (Huijgen et al. 2008). Ezetimibe
is a drug that impedes the transport of cholesterol by blocking the Niemann-Pick
C1-like (NPC1L1) transporter in enterocytes (Altman et al. 2004). Combination
therapy with ezetimibe and a statin has resulted in a 12–23% additional decrease
in LDL-C when compared to statin therapy alone (Pearson et al. 2005, Ballantyne
et al. 2003). However, ezetimibe has not yet been shown to improve clinical
outcomes. In patients with FH, combined therapy with ezetimibe and simvastatin
did not achieve any significant improvement in the changes in IMT, as compared
with simvastatin alone (Kastelein et al 2008). Niacin in combination with statin
therapy has been shown to slow the progression of carotid atherosclerosis and to
increase significantly the level of high density lipoprotein cholesterol (HDL-C)
(Taylor et al. 2006). There is an ongoing study (AIM-HIGH) to determine whether
treating residual dyslipidemia with niacin can further reduce cardiovascular events
in patients with CV disease who are being treated with a statin at target levels of
LDL (Brown et al. 2011). Unfortunately niacin has several side effects; the most
important of these being flushes. New therapies, such as antisense oligonucleotides,
microsomal transfer protein inhibitors, squalene synthase inhibitors, proprotein
convertase subtilisin kexin type 9 inhibitors and thyroid hormone analogues are
currently undergoing clinical trials (Goldberg 2010). CETP inhibitors are also now
in the final development stage (Davidson 2010).
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Figure 2. The mevalonate pathway.

SRE = Sterol regulatory element
SREBP = Sterol regulatory element binding protein

Figure 3. Statins upregulate LDL receptor synthesis.
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2.2.6 Older patients with FH
Descriptions of older persons with FH are very scarce. A study from Japan compared
the characteristics of older (> 70 years) FH subjects with younger patients in a lipid
clinic (Murano et al. 1993). Their subjects were 335 heterozygous FH patients
attending the lipid clinic and 17 out of 335 were older than 70 years, only five of
those 17 were male. They concluded that the female gender was one of the most
important factors for longer survival of FHs.
The relative risk of fatal CHD decreases with increasing age. In the United
Kingdom, for men and women aged 60 to 79 years, the annual coronary mortality
was1,1% representing a significant excess mortality for women (relative risk 2.6,
1.3–4.5), but not for men (relative risk 1.1, 0.5–2.3) (Simon Broome Register Group,
1999). In the Netherlands, the mortality of all 855 first-degree relatives of 113
unrelated patients was compared to the Dutch population after standardization for
age, gender and calendar period. The standardized mortality ratio (SMR) displayed
a maximum value between the age 40 and 54 years but after the age of 70 there was
no excess mortality (Sijbrands et al. 2000). This is presumably due to a so-called
survival bias. Those individuals who are most susceptible to the atherogenic effects
of raised LDL-C levels die at a younger age.
2.3

Health-related quality of life

2.3.1 Chronic diseases
Several studies have shown that many chronic diseases, such as diabetes mellitus,
stroke, angina pectoris and myocardial infarction, adversely affect the healthrelated quality of life (HRQoL) (Brown et al. 1999, Duncan et al. 1997, Lyons
et al. 1994). It has also been demonstrated that hypertension in the general
population is related to lower HRQoL in most of the scales, even after adjustment
for concomitant diseases (Bardage et al. 2001). Those with a higher education tend
to have higher scores on the dimensions evaluated by SF-36 (practically identical
to the RAND-36, see table 2, page 55) (Aalto et al. 1999, Regidor et al. 1999). Low
economic status has also been associated with poor health functioning (Hemingway
et al. 1997). Several studies among CHD patients have shown that female patients
experience poorer HRQoL than men, possibly because women do not cope as well
physically and psychosocially as men (Brezinka et al. 1996, Soto et al. 2005, van
Jaarsveld et al. 2002, Westin et al. 1999). In one study, patients who were older,
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female, had a low level of education, were not living with a partner, and had at
least one comorbid condition, in general reported the poorest level of quality of
life (Sprangers et al. 2000). The impact of CHD on perceived health may not be
so pronounced in older people as it is in younger individuals. In a study assessing
the impact of myocardial infarction on the quality of life in four year survivors
compared to data from community norms, it was concluded that in patients over 65
years, mean domain scores were similar to the community normal values (Brown
et al. 1999). In a study assessing HRQoL among patients having an acute coronary
episode, the largest differences were also observed in the youngest coronary
patients (< 55 years) (Soto et al. 2004). This finding may be attributable to several
reasons. For example, comorbidity is more common with advancing age and these
individuals may have adapted to their condition. Furthermore, older patients have
fewer expectations than their younger counterparts.
2.3.2 Health-related quality of life in FH
In addition to the sequelae of vascular disease, the simple awareness that one is
carrying a trait that disposes to future disease could well influence the quality of
life. A few studies have investigated the quality of life in young and middle-aged
FH patients. In Sweden, the quality of life was assessed in 185 adult patients; those
individuals already suffering from CHD were excluded. The conclusion was that
their quality of life was at least as good as controls, but they were worried about
suffering CHD in the future (Hollman et al. 2002). Fifty-seven patients with FH
(mean age, 48 years; range, 30–69 years), in a long-term treatment study, reported
having a similar quality of life to that of a reference population (Retterstol et al.
1996). A Dutch study of sixty-nine statin-treated children and their parents showed
that psychosocial functioning was not affected, but some specific FH-related
concerns were expressed (de Jongh et al. 2003). Another Dutch study explored the
HRQoL of carrier children (n=35) aged between 8 and 18 years, exhibiting FH,
hypertrophic cardiomyopathy or long QT syndrome. There were no statistically
significant differences in the scores between carrier children and the reference
group (Smets et al. 2008). There does not seem to be any data of HRQoL among
older FH patients.
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2.4

White matter hyperintensities (WMHIs) and silent brain infarcts

2.4.1 The pathogenesis and prevalence of WMHIs
Abnormal signs in cerebral white matter, hyperintense white matter (WMH) signal
abnormalities are commonly found in the cerebral white matter of T2-weighted and
fluid-attenuated inversion recovery (FLAIR) brain magnetic resonance imaging
(MRI) sequences, with or without only minor corresponding hypointensity on T1weighted images (Yoshita al al. 2005). Figure 4 shows WMHIs in a MRI scan.
It has been proposed that WMHIs result from hemodynamic ischaemia or smallvessel-disease. Cerebral white matter may suffer brief and repeated episodes of
hypoperfusion and these events may be accompanied by injury to the blood brain
barrier permeability contributing to the escape of macromolecules and the activation
of astrocytes. This can result in rarefaction, reactive gliosis and edema (Pantoni
et al. 1997). Arterioles and small arteries may be affected by arteriolosclerosis
(concentric hyaline thickening of the vessel wall) and lipohyalinosis (fibrinoid
necrosis) leading to ischemic white matter lesions and small lacunar infarcts
(Lammie 2000).
However, small (<5 mm in diameter) WMHIs can also be detected in
neurologically healthy subjects, even in healthy children and adolescents (Autti
et al. 1994). Furthermore, at least one WMHI has been detected in 45% of
neurologically healthy subjects aged 30 to 50 years, and in all subjects from the
age of 55 years (Salonen et al. 1997). Larger WMHIs (> 5 mm in diameter) have
been found in 79% of individuals from age 55 onwards (Salonen et al. 1997). In
some other studies, the prevalence of WMHIs has ranged from 11–21% in adults
aged around 64 and this value has risen to 94% at age 82 (Ylikoski et al. 1995,
Garde et al. 2000). The problem is that there are several different visual MRI rating
scales for WMHIs leading to difficulties in comparing different studies (Mäntylä
et al. 1997).
2.4.2 The clinical importance of WMHIs
WMHIs are more common in patients with cardiovascular risk factors and
symptomatic cerebrovascular disease (Launer 2004). Age alone is a strong
predictor of WMHIs (Longstreth et al. 1996, de Leeuw et al. 2001, Liao et al.
1997). Hypertension is also one of the main predictors of WMHIs (Dufouil et al.
2001, Longstreth et al. 1996, Liao et al. 1997). Other vascular risk factors, such
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as smoking, diabetes, hypercholesterolemia and history of vascular disease have
also been shown to be associated with WMHIs (Longstreth et al. 1996, Liao et al.
1997, Murray et al. 2005, Breteler et al. 1994). In a recent study, the risk of latelife white matter lesions was related to midlife overweight and obesity (Vuorinen et
al. 2011). White matter lesions have been shown to predict the future risk of stroke
in prospective longitudinal population-based studies (Kuller et al. 2004, Vermeer
et al. 2003) and this risk was independent of the classical risk factors. This same
phenomenon was found also in patients with established atherosclerotic disease
and in addition to strokes, white matter lesions have predicted future myocardial
infarctions (Gerdes et al. 2006). In a recent meta-analysis, it was concluded that
WMHIs were associated not only with an increased risk of stroke (hazard ratio
[HR] 3.3, 95% confidence interval [CI] 2.6 to 4.4) but also with dementia (HR
1.9, 95% CI 1.3 to 2.8) and mortality (HR 2.0, 95% CI 1.6 to 2.7) in prospective
longitudinal studies (Debette et al. 2010).

Figure 4. White matter hyperintensities in T2-weighted axial FLAIR image.

2.4.3 Silent brain infarcts in MRI
Silent brain infarcts, which are focal ischemic lesions in the brain without any
previous symptoms of stroke, are frequently seen in MRI scans of healthy older
individuals. Infarcts are defined as focal lesions of at least 3 mm in diameter, with
signal intensity corresponding to liquor: hyperintense on T2-weighted images and
low signal in the FLAIR image (figure 5). They can be differentiated from white
matter lesions on FLAIR, which have a high signal intensity (Giele et al. 2004). In
the Rotterdam Scan Study, which is a population-based cohort study among 1077
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participants 60 to 90 years of age, the prevalence of silent brain infarcts was 217/1077
(20%) (Vermeer et al. 2002). The prevalence increased significantly with age: in
the youngest age category 60 to 64 years, the prevalence was only 8% compared to
35% in the oldest age category 85 to 90 years. The prevalence was between 20 to
30% in the age groups 70 to 79 years. A very similar result was obtained in a small
Finnish study with a group of neurologically healthy older subjects, 55 to 85 years
old (n=113) (Ylikoski et al. 1998). The prevalence of silent infarcts was 5% in the
age category 55 to 60 years, 16% in the age category 65 to 70 years and 34% in the
age category 75 to 85 years. Another population-based survey, the Cardiovascular
Health Study, determined the prevalence of MRI infarcts in persons aged > 65
years; it found a prevalence of 28% silent brain infarcts (961/3397) (Price et al.
1997). The mean age in this study was 75 years. The population-based Rotterdam
Study monitored 2000 persons, mean age 63.3 years (range 45.7 to 96.7 years)
with asymptomatic brain infarcts being present in 145 persons (7.2%) (Vernooij
et al. 2007). Here too, the prevalence increased with age: 4.0% in the age group
45 to 59 years, 6.8% in the age group 60 to 74 years and 18.3% in the age group
75 to 97 years of age. The prevalence of silent brain infarcts was 17% (51/308)
in the SMART Study (Giele et al. 2004). The mean age was 58.4 years (range
43 to 82 years, males 86%) in this group of patients who all were suffering from
cardiovascular disease, mostly CHD. Patients with cerebrovascular disease were
excluded. A similar prevalence (15%) was found in another relatively young (aged
40 to 79 years) group of patients with asymptomatic carotid artery stenosis (Brott
et al. 1994), but in this study, a computed tomography scan was used.
Hypertension is known to be associated with silent brain infarcts (Vermeer
et al. 2002, Giele et al. 2004). The presence of the metabolic syndrome has also
been reported to associate with silent brain infarct, this being independent of other
risk factors (Bokura et al. 2008). Silent brain infarcts as well as WMHIs have
been associated with an increased risk of subsequent stroke. In the Rotterdam Scan
Study, with follow-up for average 4.2 years, participants with silent brain infarcts
displayed a 5 times higher stroke incidence than those without these infarcts
(Vermeer et al. 2003) and in the Cardiovascular Health Study, the risk of stroke
was increased 2-fold with a follow-up of 4 years in those subjects displaying silent
brain infarcts (Bernick et al. 2001). The Cardiovascular Health Study examined the
association of statin drug therapy on cognitive and MRI changes in older adults.
Participants were classified into three groups according to whether they were taking
statin drugs on a continuous basis, intermittently, or not at all. The untreated group
was divided further into three categories based on National Cholesterol Education
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Program recommendations for lipid-lowering treatment: no treatment, diet therapy
recommended and drug therapy recommended. In a subset of participants who
underwent serial MRI scans separated by five years, there were no differences in
the evolution of white matter or atrophy measures, but there was a fourfold increase
in the silent infarcts seen in those individuals in the treatment-recommended group
as compared with the statin-treated group (Bernick et al. 2005).

Figure 5. Brain infarct in brain MRI images, T2W/TSE512 and STIR/FLAIR sequence.

2.4.4 WMHIs and FH
There are few studies investigating WMHIs in FH patients. A group of young and
middle-aged FH-North Karelian patients, 39 of them, aged 6 to 48 years, 28 of
them treated with statins and 25 healthy controls underwent brain MRI and carotid
ultrasound scanning. The common carotid IMT was significantly greater in the
patients, but the number and size of WMHIs on T2-weighted MR images did not
differ between patients and controls (Soljanlahti et al. 2005). The mean duration of
their statin treatment was 10 years. Another, older heterozygous FH group with the
same FH-North Karelia mutation and CHD (n=19, mean age 55.9 years) was likewise
studied in comparison with healthy controls (n=29, mean age 56.0 years). No silent
brain infarcts appeared, and no differences in numbers or sizes of WMHIs between
groups were recorded (Soljanlahti et al. 2007). In this group, the mean duration of
statin treatment had been 15 years. As expected, values of carotid and femoral IMT
were significantly greater. Non-diabetic, nonsmoking, non-hypertensive, statintreated FH patients in midlife (n=14) and matched controls (n=22) aged 25 to 60
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years were studied with imaging being performed at 3-Tesla MRI. Three volunteers
and one FH patient displayed white matter lesions and no other evidence of past
ischemic stroke was observed (Schmitz et al. 2008). There is also one study which
examined homozygous FH patients. Five young homozygous FH patients, aged
12 to 36 years, mean 23.6 years and five age- and sex-matched healthy controls
were evaluated. These patients had been on maximal lipid-lowering medication
since early childhood and four of them were also receiving treatment with LDL
aferesis at bi-weekly intervals. Their serum cholesterol concentrations were still
3.6-fold higher than those found in the controls. However, no brain abnormalities
were observed in any of the patients with homozygous FH (Schmitz et al. 2007).
2.5

Cognition

2.5.1 Cholesterol and cognition
Alzheimer`s disease (AD) and vascular dementia (VAD) account together for up
to 80% of all cases of dementia (Fratiglioni et al. 2000). However, recent research
has refuted the strict division between them, because in most dementia patients,
mixed pathology is found at autopsy, including ont only the presence of amyloidbeta (Abeta) plaques and neurofibrillary tangles (NFT) (pathophysiologic changes
in AD), but also cerebrovascular lesions (Schneider et al. 2007). Interactions
between AD and vascular pathologies were highlighted in a study which noted
that, in the presence of cerebral infarcts, the probability of dementia increased by
20-fold in persons with existing senile neuritic plaques and neurofibrillary tangles,
characteristics of AD (Snowdon et al. 1997).
There is accumulating evidence pointing to a role for cholesterol in the
development AD. Animal studies have shown that diet-induced hypercholesterolemia
can result in significantly elevated levels of Abeta peptide in brain tissue (Sparks
et al. 1994, Refolo et al. 2000). In a neuropathologic examination, cerebral betaamyloid depositions similar to those found in AD, were two to three times more
common in subjects with CHD than in those without CHD (Sparks et al. 1993). All
of these patients were non-demented, cognitively normal patients without significant
cerebral vascular disease. Another study reviewed autopsy cases of patients older
than 40 years and correlated cholesterolemia and the presence or absence of amyloid
depositions and amyloid load. It was claimed that cholesterolemia correlated with
presence of amyloid depositions in the youngest subjects (40 to 55 years) with early
amyloid deposition (diffuse type of senile plaques) (Pappolla et al. 2003).
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One of the major risk factors for AD is the apolipoprotein E epsilon4 allele,
which exacerbates hypercholesterolemia (Mahley et al. 2000). The ApoE epsilon4
allele is known to be associated with coronary heart disease and the development
of atherosclerosis; this association is presumably related to the higher levels of total
and LDL cholesterol (Eichner et al. 2002). ApoE is the major susceptibility gene
for sporadic late-onset AD (Corder et al. 1993, Strittmatter et al. 1995, Farrer et
al. 1997, Reiss 2005, Coon et al. 2007). Those individuals who carry one epsilon4
allele are approximately three times more likely to have AD compared to those with
no epsilon4 allele and those subjects who carry two epsilon4 alleles are eight to
14 times more likely to develop AD (Corder et al. 1993, Roses 1997, Farrer et al.
1997, Lindsay et al. 2002). The ApoE epsilon 4 also lowers the age of onset of AD:
the more epsilon 4 alleles, the younger tends to be the age at disease onset (Corder
et al. 1993). The age at onset of AD is approximately five to 10 years earlier in
the presence of one allele and 10 to 20 years earlier if there are two alleles present
(Farrer et al. 1997). ApoE is believed to be the main apolipoprotein within the brain
involved in the regulation of cholesterol homeostasis.
A high cholesterol level at midlife has been shown to increase the risk
of dementia in later life in several studies (Notkola et al. 1998, Kivipelto et al.
2001a, Whitmer et al. 2005). In the Finnish cohort of Seven Countries Study, the
population-based sample of 444 men, age 70–89 years, a previous high cholesterol
level (> 6.5 mmol/l) was associated with the prevalence of AD: OR 3.1 (95% CI
1.2 to 8.5) after controlling for age and the presence of the ApoE epsilon4 allele
(Notkola et al. 1998). In a larger, Finnish population-based study, with a total of
1449 participants and after an average of 21 years follow-up, those with a high
serum cholesterol concentration (> 6,5 mmol/l) at midlife had a significantly higher
risk of suffering AD in later life, even after adjustment for age, sex, apolipoprotein
E genotype (epsilon4 allele carrier vs noncarrier), education level, smoking status,
and alcohol consumption, than those with normal serum cholesterol levels (OR 2.8,
95% CI 1.2 to 6.7) (Kivipelto et al. 2002). Elevated systolic blood pressure (> 160
mmHg) in midlife had a similar effect (OR 2.6, 95% CI 1.1 to 6.6). This association
was also found in a retrospective cohort study of 8845 participants of a health
maintenance organization. They had undergone health evaluations between ages
40 and 44 years. The midlife high cholesterol level was defined as a total serum
cholesterol > 240 mg/dL (= 6 mmol/L) and this was associated with a 42% increased
risk in dementia in old age (HR 1.42, 95% CI 1.22 to 1.66) (Whitmer et al. 2005).
Smoking, hypertension and diabetes at midlife were each also associated with a 20
to 40% increased risk of dementia in later life. Compared with participants having
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no risk factors, the risk for dementia increased from 1.27 for having one risk factor
to 2.37 having all four risk factors (fully adjusted model: HR 2.37, 95% CI 1.10 to
5.10) (Whitmer et al. 2005). Midlife elevated serum cholesterol (> 6.5 mmol/l) was
also a significant risk factor for mild cognitive impairment (MCI): OR 1.9 (95% CI
1.2 to 3.0) (Kivipelto et al. 2001b).
However, this association has not been found in all studies. From the
Framingham Study original cohort 5209 subjects underwent biennial evaluation
for cardiovascular risk factors since 1950. The study sample consisted of 1026
persons from this cohort who were alive and free from stroke and dementia at
examination cycle 20 (1988–1989) and had undergone apolipoprotein E genotyping.
Alzheimer`s disease developed in 77 subjects from 1992 to 2000. After adjustment
for age, sex, ApoE genotype, smoking, body mass index (BMI), CHD and diabetes,
there was no significant association between the risk of incident AD and average
cholesterol level at biennal examinations cycles 1–15 (1950–1976) or baseline total
cholesterol level at examination 20 (1988–1989) (Tan et al. 2003). In this respect,
the Framingham study was different: it used cumulative, time-averaged cholesterol
levels instead of serum cholesterol level as measured at one time point in midlife.
In the Honolulu-Asia Aging Study, the long-term association between clustered
metabolic cardiovascular risk factors at middle age and the risk of dementia in
old age was assessed. This prospective cohort study was started in 1965 and was
extended to a study of dementia in 1991. The subjects were Japanese-American
men with an average age of 52.7 years at baseline and 3734/4678 (80%) of the men
who were still alive then participated in the dementia case-finding effort; dementia
was diagnosed in 215 men. Cardiovascular metabolic risk factors were measured
at the baseline in 1965. Since the researchers were interested in examining the
effect of risk factor clusters, they converted all risk factors into the same unit,
i.e. a z score. The z score ranks individuals according to their place in a normal
distribution of values. The z scores ranged from -4.0 SDs to 4 SDs, with a mean of
zero. A subject with a z score of 0.5 has a blood pressure that is 0.5 SDs higher than
the mean of a normalized distribution. Serum triglycerides and glucose levels were
logarithmically transformed before the z score was calculated. For each individual,
the sum of the z-scores of all 7 risk factors (random postload glucose, diastolic and
systolic blood pressure, BMI, subscapular skinfold thickness, triglycerides, and
total cholesterol) was calculated as a summary measure of the metabolic risk factor
burden. The z-score sum was specifically associated with vascular dementia (RR
1.11, 95% CI 1.05 to 1.18) but not with Alzheimer`s disease (RR 1.00, 95% CI 0.94
to 1.05) (Kalmijn et al. 2000).
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Alzheimer`s disease has a long preclinical stage, neuropathological signs can
be detected in 40-year-old individuals (Braak et al. 1999) but clinical symptoms are
observed only late in the course of the disease. Alzheimer`s disease is similar to many
other chronic diseases in the respect that total cholesterol values decrease before the
clinical signs become visible. In the Finnish cohort of the Seven Countries Study
(Notkola et al. 1998) serum cholesterol values decreased more rapidly among men
who subsequently developed AD. The mean serum cholesterol level in the men
with AD in 1989 had been higher in the first four measurements (1959, 1964, 1969,
1974), but declined more rapidly after 1974. This same phenomenon was seen in
the Honolulu-Asia Aging Study, where the cholesterol levels in men with AD had
declined at least 15 years before the diagnosis (Stewart et al. 2007). Thus when the
associations of the cholesterol level with AD or dementia are being discussed, it is
important to be aware of the timing of the cholesterol level measurement in relation
to age and clinical onset of dementia.
2.5.2 Statins and Alzheimer`s disease
There are numerous studies with conflicting results regarding statin use and the
risk of AD. The earlier case-control studies detected a protective effect of statins
(Wolozin et al. 2000, Jick et al. 2000), but it has been claimed that an indication bias
may have accounted for these results. Some of the studies which have examined
the relationship between statin use and incident dementia or AD are shown in table
1. Data from the Canadian Study of Health and Aging (CSHA) revealed a 74%
reduced risk of AD in statin users; this reduction in risk was observed only in
patients < 80 years of age (Rockwood et al. 2002). This was a cohort study of
lipid-lowering agent use and a case-control study of dementia in relation to lipidlowering agent use, in a secondary analysis of CSHA. Data from 2305 subjects
were evaluated in whom health information, drug use, and cognitive status were
known. Incident cases of dementia (n=496, of whom 326 AD) were studied. The
use of statins was not associated with other factors reflecting a healthy lifestyle, but
was associated with a history of smoking and hypertension. Thus, confounding by
indication was addressed, but the number of statin users (n=57) was very small. In
an observational study in postmenopausal women with CHD, statin users scored
higher on the modified Mini-Mental State Examination (MMSE) than nonusers of
statins, this difference being independent of their lipid levels (Yaffe et al. 2002). A
recent population-based cohort study, the Sacramento Area Latino Study on Aging
(SALSA study) monitored 1789 older Mexican Americans (mean age of 70 years)
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with 27% taking statins at any time during the study with an over 5-year followup. It was found that those individuals who used statins were about half as likely
as those who did not develop dementia/cognitive impairment without dementia
(Cramer et al. 2008). In addition, the results of the prospective, population-based
Rotterdam Study showed a similarly decreased risk of AD (HR 0.57, 95% CI 0.37
to 0.90) associated with statin use in the cohort study (n=6992 persons) with a
follow-up of average 9.2 years and a mean age of 69.4 years at baseline (Haag et
al. 2009). A community-based cohort study with an average of more than 6.1 years
follow-up of 3 099 participants, showed an adjusted hazard ratio for statin use of
0.63 (95% CI 0.40–0.97) for AD (Li et al. 2010). The strength of the association
between statins and AD diminished with age. The authors concluded that statin
therapy in early old age, but not in late age, could be associated with a lower risk
of AD. However, there are also other cohort studies in which statin therapy has not
been associated with any decreased risk of dementia (Li et al. 2004, Zandi et al.
2005, Rea et al. 2005). In these studies, the average age of participants at baseline
has been 75 years and the length of statin use has been about 4 to 5 years. It should
also be noted that these negative studies were implemented in the late 1990s when
statin use was relatively rare (6–16%) as compared to the situation in the SALSA
study.
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Study design

A cohort study, CSHA-1 (1991–1992), CSHA-2
(1996-1997), 2305 persons in baseline, 57 (2.5%)
used statins in CSHA-2, a case-control study of
dementia in relation to statin use

Population-based cohort study, 1674 Mexican
Americans, >60 years, started 1998-1999, no
dementia at baseline, 452 (27%) used statins at
any time during the study, 5 years follow-up

Prospective, population-based Rotterdam Study. 6992
participants followed from baseline (1990–1993)
until January 2005, average 9.2 years follow-up

Community based ACT Study, 3099 participants
without dementia at baseline (2581 persons from
original cohort in 1994–1996 and 811 persons from
expansion cohort 2000-2002), statin users 711
persons (22.9%), statin nonusers 2388, average of
6.1 years follow-up

Community based ACT Study, 2356 cohort aged
65 years and older in 1994-1996, statin users 392
persons (16.6%)

The Cache County Study, prospective study of
incidence of dementia and AD among 4895 older
residents (aged 65 years or older) of a single county,
3 years follow-up. Statin users 292 at baseline (6.0%)

Cohort study of community-dwelling adults 65 years
and older, 2798 participants, free of dementia at
baseline, 15 030 person-years of follow-up including
1284 person-years with statin therapy

Study

Rockwood
et al. 2002

Cramer
et al. 2008

Haag
et al. 2008

Li et al 2010

Li et al 2004

Zandi
et al 2005

Rea
et al 2005

About 75 years

Mean 73.0 years
for statin users,
75.7 years for
statin nonusers

75.1 years

Mean 74.2 years
for statin users,
75.8 years for
statin nonusers

69.4 years at
baseline

Adjusted HR 0.62 (95%CI 0.40–
0.97). The association diminished
with age: aHR 0.44 (95%CI 0.25–
0.78) for those under 80 years and
1.22 (95%CI 0.61–2.42) for aged 80
years and older

Adjusted HR 0.57 (95%CI 0.37–0.90)

Incident cases of all-cause Adjusted HR for all-cause dementia
dementia: n=428, AD
1.08 (95% CI 0.77–1.52) and for AD
alone: n=216
1.21 (95% CI 0.76–1.91)

Incident cases of
Adjusted HR for dementia 1.19
dementia: n=185 (104 AD) (95%CI 0.53–2.34) and for AD 1.19
(95% CI 0.35–2.96)

Incident cases of all-cause Adjusted HR for AD 0.82 (95%CI
dementia: n=312, probable 0.46–1.46) and for all-cause
AD: n=168 persons
dementia 1.19 (95% CI 0.82–1.75)

Incident cases of probable
AD: n=263 persons

Incident AD: n=582
persons (all dementia :
739)

Incident dementia or CIND Adjusted HR 0.52 (95%CI 0.34-0.80)
(cognitive impairment
without dementia): n=130
(58 CIND, 82 dementia)

Adjusted OR for AD: OR 0.26 (95%CI
0.08–0.88) for those under 80 years
and 0.50 (95%CI 0.13-1.88) for those
aged 80 years and older

Incident cases of
dementia: n=492 (326 AD)

Mean 70.3 years
for statin users,
78.3 for statin
nonusers
About 70 years

Result

Outcome

Age

Table 1. Studies examining the association of statin use and incident dementia or AD.

Only two large prospective statin trials (PROSPER and HPS) have tested cognitive
function and both failed to observe any favorable effects (Shepherd et al. 2002,
Heart Protection Study Collaborative Group 2002). However, neither of these
studies was actually designed to assess cognitive function and their follow-up times
were only 3 to 5 years.
In the large, prospective, community-based Cardiovascular Health Study,
statin use was associated with a slight reduction in cognitive decline in an older
population (Bernick et al. 2005). The rate of decline in the Modified MMSE was
0.48 point/year less in those patients taking statins compared with the untreated
group for which treatment was recommended (p= 0.069) and 0.49 point/year less
in statin users compared with the group in which lipid-lowering therapy was not
recommended (p= 0.009). A community-based cohort of 1 146 African Americans
aged 70 and older were evaluated in 2001 and 2004. After adjusting for age in
baseline, gender, education, and the possession of ApoE epsilon 4 allele, baseline
statin use was associated with less cognitive decline (p=0.017) (Szwast et al. 2007).
Of the 1 146 participants, a total of 287 (25.0%) were receiving statins at baseline.
Statin users had also fewer cases of incident dementia than nonstatin users, but
this difference did not quite reach statistical significance. Participants of the
Cardiovascular risk factors, aging and dementia (CAIDE) study were derived from
random, population-based samples and analysis were based on 1382 non-demented
participants re-examined in 1998 after an average follow-up of 21 years (Solomon
et al. 2009). A high midlife total cholesterol level was associated with poorer
late-life episodic memory and category fluency. The total cholesterol level had
declined in most individuals over time. A more pronounced decrease was related
to poorer late-life episodic memory and psychomotor speed, but not if subjects
were taking statins. Lipid-lowering treatment was related to better performance in
episodic memory and psychomotor speed tests, even after controlling for midlife
total cholesterol and changes in total cholesterol, systolic blood pressure and BMI
over time.
A few studies have examined the effect of statins as a treatment of established
AD. An observational study in 342 patients with AD followed for 34.8 months
(mean age 73.5 years, MMSE 21.3 at entry) showed that patients treated with
lipid lowering agents had a slower decline in MMSE than patients with untreated
dyslipidemic or normolipidemic patients (Masse et al. 2005). There is also a study
indicating that statin therapy might be associated with a slower cognitive decline
in AD (Sparks et al. 2006). However, a large-scale randomized, international,
double-blind, controlled trial called LEADe evaluating the efficacy and safety of
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atorvastatin in patients with mild to moderate AD (aged 50 to 90 years, taking
donepezil 10 mg daily, a total of 640 patients, LDL cholesterol 2.5–3.5 mmol/L for
inclusion) over 72 weeks failed to detect any benefit in cognition (Feldman et al.
2010). The researchers speculated on some complicating issues in the discussion
of that article. The population in the trial had been restricted to patients that did
not have an indication for statin treatment. They concluded that their study did
not answer the question of whether atorvastatin might benefit patients with AD
with significant concurrent cardiac, cerebrovascular, or peripheral vascular disease,
since these patients were excluded from that study. A key issue is also the question
of optimal timing of statin treatment to achieve benefit in AD. Patients in this trial
had well-established AD across a spectrum of mild to moderate severity. This may
have been too late in the pathogenic cascade of AD and the optimal period of early
intervention might have been missed. The recently published Cochrane Database
systematic review concluded that there is insufficient evidence to recommend
statins for the treatment of dementia (McGuinness et al. 2010).
There are some neuropathologic studies which have evaluated the association of
statin use and neuropathologic findings in brain autopsies. In the community-based
Adult Changes in Thought Study (ACT Study) brain autopsies were performed
on 110 subjects, aged 65 to 79 years, who were cognitively normal at enrollment
into the ACT Study. Neuropathologic findings were compared between statin users
(n=36, 33%) and nonusers (n=74). It was found that statin use was significantly
associated with a reduced neurofibrillary tangle burden at autopsy and in addition,
typical AD-type pathology (Braak stage > 4 and Consortium to Establish a Registry
for Alzheimer`s Disease [CERAD] > moderate) was significantly less common in
statin users than in nonusers. A similar association between statin use and amyloid
plaque burden assessed by CERAD grading failed to reach statistical significance
(Li et al. 2007). Another neuropathologic study investigating participants who
were older catholic clergy with 262 autopsies did not find any relationship between
statin use any time prior to death (17.9%) to global AD pathology. However,
persons taking statins (n=47) were less likely to display amyloid in their specimens
(p=0.02). Among those with amyloid, there was no relationship between use of
statins and amyloid load (Arvanitakis et al. 2008).
2.5.3 Mechanisms of statin action
The first statin, compactin, was discovered in the 1970s as a secondary metabolite
of fungi before the LDLR was even identified (Endo et al. 1976). Statin are now
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widely used and recent large, prospective meta-analysis including data of from 170
000 participants in 26 randomised trial have concluded that further reductions in
LDL cholesterol levels are a safe way to achieve further reductions in the incidence
of heart attack, revascularization, and ischemic stroke, i.e. each 1.0 mmol/L
reduction can reduce the annual rate of these major vascular events by just over a
fifth. A reduction of LDL cholesterol by 2–3 mmol/L would reduce the risk by about
40–50% (Baigent et al. 2010). Statins competitively inhibit HMG-CoA-reductase,
the rate-limiting enzyme of cholesterol biosynthesis, and block the formation of
mevalonate. Since cholesterol synthesis is blocked by statins, activation of sterol
regulatory element-binding protein leads to the enhanced uptake of LDL and thus
reduces serum cholesterol levels (Brown et al. 1997). Traditionally, it was thought
that because serum cholesterol level is strongly related with CHD, the beneficial
effects of statins were entirely due to cholesterol reduction. However, numerous
clinical trials and studies in experimental animals have shown the beneficial effects
of statins extend beyond their effects on the lipid profile; statins have so called
“pleiotropic effects” (Takemoto et al. 2001, Miida et al. 2007, Zhou et al. 2010).
In addition, by inhibiting HMG-CoA reductase, statins also inhibit the synthesis
of farnesylpyrophosphate (FPP) and geranylgeranylpyrophosphate (GGPP), which
are isoprenoid intermediates that lie downstream from mevalonic acid (Goldstein
et al. 1990). This leads to the inhibition of small intracellular signaling G-proteins
Rho, Rac, Ras, Rab and Rap (Van Aelst et al. 1997). These small molecules are
involved in many cellular reactions. In particular, inhibition of Rho may be the
predominant mechanism behind the pleiotropic effects of statins. Endothelial
dysfunction is one of earliest manifestations of atherosclerosis and statins improve
endothelial function by upregulating endothelial nitric oxide (NO) synthase
(eNOS) through several different mechanisms (Zhou et al. 2010). Statins also
have antioxidant effects, i.e. they inhibit the production of reactive oxygen species
(ROS) and the proliferation and hypertrophy of vascular smooth muscle cells
(SMCs) (Zhou et al. 2010). Statins decrease the expression of several adhesions
molecules (e.g. ICAM1, VCAM1, E-selectin) and inflammatory mediators (e.g.
C-reactive protein [CRP], tumor necrosis factor-alpha [TNF-alpha]) (Miida et al.
2007). Statins stabilize plaques by reducing plaque size, decreasing macrophage
accumulation in atherosclerotic plaques and by inhibiting matrix metalloproteinase
(MMP) production by activated macrophages (Takemoto et al. 2001). Finally,
statins possess several antiplatelet and antithrombotic actions; e.g. prothrombin
activation is reduced and platelet adhesion inhibited (Zhou et al. 2010).
Statins have been proposed to offer a protective effect againt the risk of
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developing AD (Rockwood et al 2002, Yaffe et al 2002). AD is characterized by
the presence of plaques containing aggregated Abeta peptides. These are produced
by proteolytic cleavage of the amyloid precursor protein (APP) by the action of
proteases called beta- and gamma-secretases. Cleavage of APP may occur via two
pathways. Under normal conditions APP is cleaved by alpha-secretase, releasing
soluble APP. The alternative pathway involves beta- and gamma-secretases and
leads to production of Abeta (Nunan et al. 2002). Both beta- and gamma-secretases
are active in lipid rafts, which are specialized cellular membrane microdomains rich
in cholesterol and sphingolipids. It appears that APP processing within these lipid
rafts determines the levels of Abeta production (Ehehalt et al. 2003). In a double
transgenic mouse that overexpressed both mutant APP and presenilin1, a diet high
in cholesterol resulted in significantly increased levels of Abeta in brain tissues
and the levels of total Abeta were correlated with the levels of plasma and central
nervous system (CNS) total cholesterol (Refolo et al. 2000). When these mice
were treated with a cholesterol-lowering drug, plasma cholesterol and brain Abeta
peptides decreased by more than two-fold (Refolo et al. 2001). In a cell culture
study, it was shown that reduction of the cellular cholesterol level in hippocampal
neurons by 70% with lovastatin and methyl-beta-cyclodextrin could inhibit Abeta
formation. This inhibition of Abeta formation was fully reversible by the readdition
of cholesterol to the previously depleted cells (Simons et al. 1998). In another
cell culture study, simvastatin and lovastatin reduced intracellular and extracellular
levels of Abeta42 and Abeta40 peptides in primary cultures of hippocampal
neurons and mixed cortical neurons prepared from fetal rats (Fassbender et
al. 2001). Guinea pigs treated with high doses of simvastatin showed a strong
reduction of cerebral Abeta42 and Abeta40 levels in the cerebrospinal fluid and
brain homogenate (Fassbender et al. 2001). Thus it can be concluded that statins
can change the cholesterol content in the neuronal membrane, which can alter
the activity of beta-secretase, shifting the metabolism of APP from beta- to alfacleavage (Reid et al. 2007). Recent experimental research has described another
beneficial effect of statins on amyloyd pathology: inhibition of isoprenylation of
small GTP-ase proteins may indirectly decrease the amyloidogenic processing of
the APP (Ostrovski et al. 2007).
Cholesterol also contributes to intracranial vascular disease and cerebral
ischemia. In animal models of ischemia, it has been found that there are increased
amyloid levels and more neurofibrillary tangles (Sadowski et al. 2004). Statin
therapy significantly reduces ischaemic stroke risk (Vaughan et al. 2001).
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2.5.5 Cognition and FH
Patients with FH offer a unique possibility to examine the role of cholesterol
metabolism in cognition, because these patients have been exposed to extremely
high cholesterol levels since birth, but surprisingly there are few studies examining
cognition in this population. Previously, few individuals with FH lived long enough
to display signs of cognitive disorders and dementia. There is no historical data on
the incidence of AD in patients with FH. The statin therapy became available in
the late 1980`s and FH patients were among the first users of these drugs because
of their severe condition. With modern statin therapy, the excess cardiovascular
burden associated with FH is fast disappearing (Versmissen et al. 2008, Neil et al.
2008). There is one, recently published study exploring the cognitive status of older
persons (> 50 years of age) with FH (Zambón et al. 2010). The study consisted of
47 FH patients (mean age 60.1 years, 44.7% men) and 70 control patients (mean
age 61.0 years, 45.7% men). The FH patients were recruited from two lipid clinics
in Spain. Those with clinical evidence of psychiatric or neurological disorders,
any metabolic disease that could affect cognitive performance, illiteracy, history
of excessive alcohol use, drug abuse, the history of hypertension, diabetes or prior
coronary artery bypass graft surgery were excluded. In the control group, the criterion
for inclusion as a control subject was the absence of hypercholesterolemia (LDL-C
level < 160 mg/dL). All study participants underwent detailed neuropsychological
evaluation and laboratory investigations. Brain MRI was performed in all patients
meeting the criteria for MCI. Patients with FH showed a high incidence of MCI
compared to controls: 21.3% (n=10) vs 2.9% (n=2), (p=.00). None of the MRI
scans revealed significant vascular lesions. A small lacunar pontine infarction was
present in two of the patients with FH. It was concluded that early exposure to
elevated cholesterol or LDL receptor dysfunction could be risk factors for MCI.
There were no comments or information about the statin medication of these
patients in that article.
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3

Aims of the study

The North Karelia province is situated in the eastern part of Finland and has
about 170 000 inhabitants. The prevalence of FH in North Karelia was very well
characterized in surveys conducted during the early 1990`s (Vuorio et al. 1997). The
FH-NK mutation was determined to be a founder mutation accounting for 83.5%
(340 out of 407) of heterozygous cases of FH in the area in 1994. A total of 62 of
such individuals were born in the year 1939 or earlier. This uniform population
offered a unique opportunity to investigate older persons with FH as a populationbased cohort with particular focus being placed on cognition.
In addition to the consequences of high cholesterol, it was decided to assess the
effects of lower cholesterol levels in midlife on follow-up mortality and HRQoL
in old age. In a long-term outcome study, a cohort of 3 490 (3277 with cholesterol
measurement at baseline) healthy Finnish businessmen, born in 1919–1934 (the
Helsinki Businessmen Study) and aged 30 to 45 years at baseline (between years
1964–1973), has been prospectively followed since the 1960`s up to the present
day for cardiovascular risk factors, mortality, and HRQoL.
The specific aims of this study were:
–
–
–

–

–
–

to examine the HRQoL of older FH patients in comparison with agestandardized controls from the Finnish general population
to examine the effect of the baseline cholesterol value of healthy men in midlife
on the HRQoL in old age
to examine the prevalence of WMHIs and clinically silent brain infarcts
observed on T2-weighted MRI in older FH patients in comparison with 1) a
group of 16 years younger FH-NK patients with CDH and 2) a group of 16
years younger healthy controls
to examine the cognitive status of older FH patients in comparison with ageand sex-standardized population-based controls, who were participants of the
Health 2000 Survey living in eastern Finland
to examine the effect of the baseline cholesterol value of healthy men during
their midlife on the mortality and life years gained in their old age
to examine the effect of the cholesterol value measured in old age and statin
use on the subsequent mortality
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4

Subjects and methods

4.1

Older FH patients

Out of the total of 340 FH-NK patients, there were 62 patients born in 1939 or
earlier. During the ten-year follow-up, 19 of them had died, leaving 43 survivors
alive in November 2003. All of these survivors were contacted either by phone or
mail at the beginning of the year 2004. Two out of these survivors could not be
reached by mail or phone; two persons first offered consent, but later withdrew it
and two persons were in long-term institutional care. Those in long-term care were
excluded because of practical reasons. The first excluded patient was a 66 year
old female with CHD and Parkinson`s disease. She had difficulties with moving
due to back problems. She had gone through several back operations and was
unable to walk independently. The second patient was a 78 year old male with DM
and sequelae of multiple brain infarcts and intracerebral hemorrhages including
aphasia. Consequently 37 individuals (86.0%) agreed to participate in this study.
The study protocol was approved by the ethics committee of the North Karelia
Central Hospital and written informed consent was obtained from all participants.
All medical records of the deceased FH patients (19 persons) found in the
North Karelia Central Hospital were also evaluated except for one female patient;
her medical records were missing. The ethics committee of the hospital approved
also this evaluation.
4.2

The control patients in the HRQoL studies

Older FH patients were compared to two different population-based groups. In the
RAND-36 study (see table 2, page 55) the population reference values had been
earlier collected as a postal survey among 3 000 randomly selected Finns (aged 18
to 79 years) and from an additional sample (n=400) from the age group 65 to 79
years (Aalto et al. 1999). The response rate was 68 percent in the age group over
65 years. The present patients were compared with age-matched controls, those
aged 65 and older (n=531). The 15D data for the general population came from
the National Health 2000 Health Examination survey representing the Finnish
population aged 30 and over. The original sample was 8 028 individuals (Aromaa
et al. 2002). The 15D data were obtained from 6 166 individuals (response rate 77
percent). In this analysis, those individuals were selected who were in the same age
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range as the patients (n=1287). This sample of the general population was weighted
to correspond to the age structure of the patients.
4.3

Middle-aged control patients in MRI study

The patient registry of the North Karelia Central Hospital included 30 FH patients
between 48 and 64 years of age who carried the same FH-NK mutation, and all of
these were suffering from CHD. Eight of these individuals were excluded: three
had diabetes, one had a BMI of 46 kg/m2 (hence an obstacle for MRI), two had
an unreliable diagnosis of CHD, one was unable to travel, and one could not be
contacted. A total of 19 of the remaining 22 patients agreed to take part in the
MRI studies conducted by Soljanlahti et al (Soljanlahti et al. 2007, Soljanlahti
et al. 2008). The control group comprised 30 controls, aged 49 to 63 years, who
were recruited from among the acquaintances of the staff of the Helsinki Medical
Imaging Center (Helsinki, Finland). None of the controls had CHD, DM, or a
history of any vascular or neurological disease. One control was excluded because
of Moya-Moya disease detected on the brain MRI. These MRI examinations were
undertaken in 2003 to 2004.
4.4

The control patients of the Health 2000 Survey

The National Health 2000 Health Examination Survey was carried out in Finland
from the fall of 2000 to the spring of 2001. Full details of the sample procedure, nonresponders and the health examination procedure have been published elsewhere
(Aromaa et al. 2002). Briefly, out of 80 areas in Finland sampled applying the PPSmethod (probability proportional to population size), a random sample of 8 028
persons aged 30 years or older was drawn from the National Population register. In
order to compare cognitive functioning of aged FH patients with population controls,
those persons included in the sample who were aged 65 to 84 years and living in
the Kuopio University Hospital district area (covering Eastern Finland, including
provinces North Karelia, North Savo, Eastern Savo, Southern Savo and Middle
Finland) were used as controls (n=338). All persons in long-term institutional care
(n=11) were excluded and out of remaining 327 persons, 18 persons were unwilling
to participate in the study. Data were thus available from 309 controls.

50

4.5

Businessmen

A total of 3 490 initially healthy men, mostly business executives born in 1919
to 1934, participated in voluntary health check-ups from 1964 to 1973 (median
1968) at the Institution of Occupational Health in Helsinki, Finland. These checkups included clinical examinations and laboratory tests including only one baseline
measurement of serum cholesterol value. This study is concerned with the 3 277
men (94% of all) for whom the baseline serum cholesterol value was available.
All participants were Caucasian men from the highest social class being either
businessmen or management executives with similar socioeconomic backgrounds
and job status. The study population and examinations have been described in
detail elsewhere (Mattila 1980, Miettinen et al. 1985, Salomaa 1988, Strandberg et
al. 1995). The follow-up procedures have been approved by the Ethics Committee
of the Helsinki University Hospital, Department of Medicine (the most recent
application by the code HUS 429/13/03/01/09).
4.6

Clinical interview and examination

Between April and August 2004 all older FH patients visited Laura Hyttinen,
M.D. in the doctor`s office, where a detailed history and clinical examination were
undertaken. Blood pressure (BP) was measured by a nurse with a conventional,
calibrated, mercury sphygmomanometer from the sitting individual’s right arm
after a five-minute rest. Systolic and diastolic BP were read to the nearest 2 mmHg.
The measurement was performed twice, and the mean of two measurements was
used in the statistical analyses. Each subject’s height and weight was measured with
light clothing without shoes. Relative weight was expressed as BMI, which was
calculated by dividing weight (kg) by height squared (m2). Smoking was defined
as a daily use of tobacco products. If a person had terminated smoking, the years
of smoking were recorded. Physical activity was subdivided into three classes: 1)
hardly any physical exercise, 2) occasional times physical exercise (not regularly)
and 3) physical exercise regularly, at least 30 minutes three times a week. Total
and LDL cholesterol values at the time of FH diagnosis and at the time of statin
initiation were recorded as well the age at initiation of statin therapy. DM was
defined as a fasting serum glucose level of 7.0 mmol/L or greater or a history of the
use of oral hypoglycemic agents or insulin injections. The year of DM diagnosis
and the microvascular complications of DM were recorded. Hypertension was
defined as a current use of antihypertensive medication. The year of the initiation
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of antihypertensive treatment was recorded. In female patients, the number
of childbirths and miscarriages were recorded. All the medications in use were
thoroughly investigated and recorded. All cardiovascular diseases and treatments
including CHD, coronary bypass surgery, coronary angioplasty, acute myocardial
infarction (AMI), recurrent AMI, aortic valve stenosis in echocardiography, brain
infarct, transient ischemic attack (TIA), subarachnoidal haemorrhage, carotid
endarterectomy, peripheral arterial disease (PAD), peripheral artery angioplasty or
bypass operation, limb amputation, thoracic or abdominal aortic aneurysma were
recorded according to the patient’s hospital records. CHD was considered to be
present if the patient had a documented history of AMI; if a previous coronary
angioplasty or bypass surgery had been carried out; if there was a previous diagnostic
finding on a bicycle ergometer test, thallium scanning, or coronary angiogram; or
if the patient had a typical history of effort-induced angina pectoris. Patients also
filled out questionnaires concerning exercise, nutrition, and general well-being.
In the businessmen study, a questionnaire was sent in 2000 to all survivors
of the original cohort (n= 2 251), re-mailed once for non-respondents and 1 820
(80.9%) responded. The questionnaire included items on demographic variables
and lifestyle, history of diseases, medication and the latest serum cholesterol level
based on self-report. In addition, the Finnish version of the RAND-36-Item Health
Survey 1.0 was embedded in the questionnaire. The total mortality of the study
cohort up to the end of January 2010 was retrieved from the Central Population
Register, which keeps a record of all Finnish citizens.
4.7

Laboratory examinations

In the FH patients, venous blood samples were drawn from the antecubital vein
after an overnight fast. Serum total cholesterol, HDL-cholesterol, LDL-cholesterol,
triglycerides, fasting glucose concentration, glycosylated hemoglobin (HbA1C),
small blood count, serum creatinine level, serum alanine aminotransferase level
(ALT), serum alkaline phosphatase level (AFOS), serum gamma-glutamyl
transferase level (GGT) and serum uric acid level were analyzed by routine
techniques in the laboratory of the North Karelia Central Hospital. LDL cholesterol
value was calculated by the Friedewald formula (total cholesterol – HDL –
triglycerides x 0.45). DNA sample for genetic testing was taken and frozen.
Standard resting 12-lead electrocardiographs (ECGs) were recorded.
In the businessmen study, the participating men came to the laboratory
between 9 and 11 a.m. after a 12-hour fast. During the 1960`s and up to 1974,
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the serum cholesterol concentration was determined using the method of Huang
(Huang et al. 1961) but subsequently routine laboratory analyses with enzymatic
methods have been used. Cholesterol levels measured with older methods gave
8.3% higher values (Salomaa 1988). Accordingly, 5.0 mmol/L in 1960`s would
correspond to 4.6 mmol/L measured with an enzymatic method. Corrected values
were used in the analyses; the conclusions nevertheless remained the same when
the original values were used. In addition to self-reported cholesterol values in
2000 of 1 292 men (70.8% of respondents in 2000), were serum samples obtained
in 2002–2003 from a random sample of 665 men; these being measured in the
scientific laboratory, Helsinki University. Both the self-reported values in 2000 and
laboratory measured values in 2002–2003 displayed a Gaussian distribution and
were significantly correlated (r=0.52, P<0.001) despite the more prevalent use of
statins in 2002–2003 than in 2000. Baseline serum cholesterol levels were divided
into seven groups at 1 mmol/L intervals with the lowest and highest groups being
< 4 mmol/L and > 9 mmol/L, respectively. The self-reported cholesterol values
in the year 2000 were divided into five groups (only a few men with the highest
cholesterol levels), with the lowests and highest groups being < 4 mmol/L and > 7
mmol/L, respectively.
4.8

Measurements of the HRQoL

In the FH patients, HRQoL was assessed with two internationally and nationally
validated instruments: RAND-36 and 15D. RAND-36 and 15D instruments were
primarily selected, because population data were available for comparison. Patients
independently filled in the questionnaires.
RAND-36-Item Health Survey 1.0, which is practically identical to the SF-36
health survey (Hays et al. 2001, Ware et al. 2001), is one of most commonly used
procedures throughout the world and it has also been validated for the Finnish
population (Aalto et al. 1999). This questionnaire consists of thirty-six items that
assess the following eight dimensions: physical functioning (PF), role-physical
(RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF),
role-emotional (RE), and mental health (MH). Descriptions of the RAND-36 survey
categories are shown in table 1.The subject`s answers receive a numerical value,
which, after being coded, are ranked on a scale of 0 (worst) to 100 (best). From
these scales, the physical component summary (PCS) and the mental component
summary (MCS) can be calculated. Physical functioning, role-physical and bodily
pain correlate most highly with the physical component and contribute most to
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scoring ot the PCS measure of that component. The mental component correlates
most highly with the mental health, role-emotional and social functioning scales,
which contribute most to the scoring of the MCS measure of that component. The
vitality scale correlates with both and general health correlates with both although
the correlation is higher with PCS.
The 15D is a generic, comprehensive, 15-dimensional, standardized, selfadministered measure of HRQoL (Sintonen 2001). It can be used both as a profile
(each 0–1) and single index score measurement (0–1, a difference of 0.02–0.03
points has been shown to be clinically important). The 15D profile includes the
following 15 dimensions: breathing (whether it is normal or is there shortness of
breath during activities) , mental function (are there difficulties in thinking clearly
and logically), speech (communication and speech difficulties), vision (are there
difficulties in reading newspapers or TV text), mobility (are there difficulties in
walking), usual activities (are there difficulties performing usual activites such
as employment, studying, housework, free-time activities), vitality (is the person
feeling healthy and energetic or tired and feeble), hearing (are there problems in
hearing normal speech), eating (are there difficulties in eating normally, without
help from others), elimination (are there problems with bladder or bowel function),
sleeping (are there problems with sleeping), distress (are there feelings of anxiety,
stress or nervousness), discomfort and symptoms (are there physical discomfort or
symptoms, eg pain, nausea, itching), sexual activity (does the state of health have
an effect on sexual activity), and depression (is the person feeling sad, melancholic
or depressed). Each of these 15 dimensions is divided into 5 levels.
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Table 2. Descriptions of the RAND-36 survey categories.
Category

Description

PF: Physical functioning Physical fitness and ability to perform different types of physical tasks. At best,
(10 items)
the patient’s condition does not impair the ability to perform even demanding
physical activities (such as strenuous exercise). At worst, the patient has great
difficulty in moving around and, for example, taking care of personal hygiene.
RP: Role functioning/
physical (4 items)

Limitations imposed by physical health problems on fulfilling everyday roles
during the last 4 weeks. At best, there have been no limitations. At worst, the
patient has considered it necessary to reduce working hours and tasks, and
their work performance has been unusually poor.

BP: Bodily pain
(2 items)

Degree and disruptiveness of pain. At best, there is no pain. At worst, the
patient experiences intense, crippling pain.

GH: General health
perceptions (5 items)

Subjective perception of current health, how it has changed and perceived
susceptibility to illness. At best, the perceived health is excellent and at worst,
poor and weakening.

VT: Vitality (4 items)

Vitality, energy level. Over the last 4 weeks, the patient has been feeling
energetic and vital in the best scenario with being constantly tired as the worst.

SF: Social functioning
(2 items)

Limitations imposed by the patient’s condition (physical or emotional) on
normal social activities with family, friends, neighbours, etc. At best, the
patient’s social life is not impaired in any way. At worst, it has been severely
limited by the condition.

RE: Role functioning/
emotional (3 items)

Limitations imposed by emotional problems on fulfilling everyday roles
during the last 4 weeks. At best, there have been no limitations. At worst, the
patient has considered it necessary to reduce working hours, and their work
performance has been unusually poor.

MH: Mental Health
(5 items)

Anxiety, depression, optimistic outlook. At best, the patient has been in a
calm and happy state of mind. At worst, nervousness and depression have
continued for the last 4 weeks.

A high score in any category indicates better health-related quality of life. (Reference: Aalto et al 1999)

4.9

The Consortium to Establish a Registry for Alzheimer`s
Disease (CERAD) neuropsychological battery

The CERAD test battery was developed in order to obtain a reliable, standardized,
short, easily administered and comprehensive instrument for assessment of patients
with the clinical diagnosis of AD (Morris et al. 1989). The interrater and test-retest
reliabilities are substantial. There are several studies showing that impairment of
delayed recall is the best discriminating test between subjects with presymptomatic
AD and those who remain nondemented (Knopman et al. 1989, Welsh et al. 1991,
Welsh et al. 1992, Chen et al. 2000, Weaver Cargin et al. 2006). Also Word List
3rd Learning Trial and Word List 1st Learning Trial have been among the best
neuropsychological tests discriminating between cases and controls (Chen et al.
2000).
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The CERAD neuropsychological test battery was executed by a student of
psychology specially trained to administer this test. Each patient was scheduled at
a different time for this test. The student recorded the occupation and the education
of these patients.
CERAD test battery includes Verbal Fluency test: it requires the subject to
name as many examples of the category “animal” as possible in one minute. This
test measures verbal production, semantic memory, and language. Boston Naming
Test presents 15 line drawings of common objects and these items are stratified
into three groups of five items each, representing objects of high (easy to name),
medium and low (hard to name) frequency of occurrence, the maximum score is
15. MMSE measures orientation, language, concentration, constructional praxis
and memory, maximum score is 30. Word List memory (Trial 1, Trial 2, Trial 3
learning) is a free-recall memory test which assesses learning ability for new
verbal information. Three trials of a 10-item word list are presented; on each trial,
the 10 words are presented in a different order. The subject is instructed to read
aloud each word as it is presented. Immediately following each trial, the person
is asked to recall as many items as possible. The maximum score on each trial is
10. In the Constructional Praxis task, four line drawings of figures of increasing
complexity (a circle, a diamond, intersecting rectangles and a cube) are presented
to the subject for copying. This measures visuospatial and constructional abilities.
The total possible score is 10. Word-list delayed recall (WLDR) assesses the ability
to recall, after a 5 min delay, the 10 words given in the word-list memory test. The
maximum number of correct answers is 10. For each subject, a savings score is
computed and is presented as a percentage reflecting the relative amount of verbal
information retained over the delay interval: (Delay/Trial 3) x 100 = Savings. Word
List Recognition test assesses recognition of the words presented in the word-list
memory task (Rec-Yes) when presented among 10 distractor words (Rec-No). The
maximum score for correct recognition of the targets is 10. The maximum score
for the correct discrimination of the distractors is also 10. The subject’s score is
calculated as the total number of correct answers minus 10; if the result is less than
0, a score of 0 is given (Morris et al. 1989, Welsh et al. 1994). In the Clock drawing
test, the maximum score is 6. The total score of CERAD was also calculated
(Chandler et al. 2005). This provides an index of the overall level of cognitive
functioning. The total score (maximum score = 100) is calculated by summing the
six subtest scores.
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4.10 Brain MRI
Brain MRI was performed with a 1.5T Philips Intera Imager (Philips, Best, The
Netherlands). The MRI scanning protocol included an axial fluid-attenuated
inversion recovery (FLAIR) sequence (repetition/echo/inversion time [TR/TE/TI]
11000/140/2800 ms, slice thickness 5 mm, gap 1 mm, field of view [FOV] 230),
an axial T2-weighted sequence (TR/TE 4464/100 ms, slice thickness 5 mm, gap
1 mm, FOV 230), a coronal T2-weighted sequence (TR/TE 3000/100 ms, slice
thickness 5 mm, gap 1 mm, FOV 230), and a coronal T1-weighted sequence (TR/TE
25/4.6 ms, slice thickness 1 mm, FOV 170). Two experienced radiologists (T.Autti,
S.Rauma) blinded to the clinical and laboratory data assessed all parenchymal brain
abnormalities. The analysis was performed as previously described (Soljanlahti et
al. 2007). The size and numbers of infarcts, including lacunas, and of WMHIs were
recorded. Only those hyperintensities identified by both readers in highly weighted
FLAIR images were taken into account. The hyperintensities were categorized as
deep (nearer to the wall of the ventricle than to the cortex) or peripheral (nearer
to the cortex than to the wall of the ventricle) according to their location, and
subdivided into two diameter categories (< 5 mm and > 5 mm), because even
healthy individuals may have small (< 5 mm) incidental WMHIs. These lesions
were categorized in exactly the same manner as those found in the previous study
in middle-aged FH patients with CHD. The results of these older patients were
compared with the results of middle-aged FH patients and their healthy controls.
4.11 Statistical methods
The computer package SPSS (SPSS Inc., Chicago, Ill., USA) was used for most
statistical analyses in analyses examining FH patients. Version 13.0 for Windows
was used for analyses studying HRQol, version 15.0 for analyses in MRI studies
and finally version 17.0 for Windows analyses with the CERAD test battery. Data
were presented as proportions, means, standard deviations (SD), or medians and
range in the case of variables that were not normally distributed. Two-sample
comparisons of proportions were compared using Pearson chi-square or Fisher’s
exact test. Continuous variables were compared using Student’s t-test and MannWhitney U test for normally and non-normally distributed variables, respectively.
Comparisons of several groups were performed using the one-way analysis of
variance (ANOVA) or the Kruskall Wallis test for normally and non-normally
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distributed variables, respectively. In the statistical analyses, two-tailed tests were
used and p values < 0.05 were considered as statistically significant.
In the HRQoL study with the15D method, when comparing FH patients with
age-standardized controls from National Health 2000 Health examination survey,
in order to check whether adjustment for multiple testing was needed with the 15D
dimensions, a stepwise binary logistic regression was run with the group dummy
as a dependent variable and the level values of the dimensions as independent
variables.
In the brain MRI study, binary logistic regression was used to analyze the
outcome of at least one large (> 5 mm in diameter) hyperintensity as a dependent
variable.
In the CERAD subtest study the top tertile in each cognitive test was chosen
as the dependent variable in the logistic regression analysis and OR and 95% CI
were calculated for FH patients to be in the top tertile in each CERAD subtest, both
unadjusted and adjusted for age, gender, education, DM and CHD. The overall
associations between FH diagnosis and the six cognitive tests were tested using the
seemingly unrelated regressions (SUR) (Zellner 1962) model with the procedure
Mixed of the SAS System 9.2 (SAS Institute). The SUR method accounts for the
heteroscedasticity and association between the residual terms of the regression
models of the six cognitive tests, and thus permits testing the overall effect of FH
diagnosis properly. In the mixed effects model, the six cognitive test results were
used as a repeated measurements outcome variable, and the unstructured covariance
structure was assumed for the residual terms. The main effects of cognitive test type
and the interactions of cognitive test type with the age, gender, education, and CHD
were included as the independent variables. The interaction of cognitive test type
with FH diagnosis was also included in the model; the type 3 test of this interaction
provides the p value of the overall test of association between FH diagnosis and the
six cognitive tests.
In the businessmen group, statistical analyses were performed using NCSS
(2004) (NCSS, Kaysville, Utah). The effect of the baseline cholesterol level
was examined on the mortality and life years gained through January 2010. The
cholesterol-specific cumulative mortality was calculated using the Kaplan-Meier
method and the log-rank test was used to estimate the significance of differences
between the groups. The mortality was examined both from the year of the first
visit (median 1968, range 1964–1973) and from the year 2000. The follow-up time
extended until death or the end of follow-up (January 2010). Hazard ratios (HR)
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with their 95% CIs for mortality were calculated using Cox`s proportional hazards
regression. Cholesterol groups were compared for survival time and RAND-36
scales using analysis of covariance. The effect of cholesterol-lowering drug use in
2000 on subsequent mortality between the years 2000–2009 was also analysed. The
median follow-up time was 39 years (IQ range 30 to 42, maximum 46), i.e. there
were 113 425 person-years.
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5

Results

5.1

Baseline characteristics of FH older patients

5.1.1 Age and sex
The FH older patients were aged from 65 to 84 years, 10 were males and 27 females.
The mean age of the males was 74.0 (SD 7.0) years compared to 71.1 (SD 4.3) for
the females. The mean age in the whole group was 71.9 (SD 5.2) years. The age
distribution according to sex can be seen in table 3, the oldest subjects were males.

Table 3. Age distribution according to sex of the older FH patients.
Age group categories

Males, number

Females, number

65 to 69 years

3

10

70 to 74 years

3

10

75 to 79 years

1

7

80 to 84 years

3

0

5.1.2 Life style factors and education
There was only one patient currently smoking, eight were former smokers and the
rest of the patients were nonsmokers. Of those, who had quitted smoking, three
out of eight had been smoking for less than 10 years and the rest of them (five out
of eight) had been smoking for 20 to 33 years. The only smoker was a female,
who had been smoking for 30 years. With respect to the ten male subjects, six had
terminated smoking and four were nonsmokers.
Two patients out of every three (25/37, 68 %) reported that they exercised
regularly, at least 30 minutes three times a week. Six out of 37 (16%) reported
exercising occasionally (not regularly) and six out of 37 (16%) reported that they
rarely exercised.
Only five persons (one male, four females) reported more than the very minimal
education (primary schooling) and none had higher education. The number of the
years of formal education was not inquired. The patients had been mostly bluecollar workers.
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5.1.3 Clinical measurements
The BMI and blood pressure values: mean, standard deviation (SD), median and
range subdivided according to gender can be seen in table 4 and for comparison
there are also values from the Health2000 Survey control patients. These FH
older persons were small in height and overweight was common. Less than half
of patients (15/37, 40 %) could be classified as normal weight, 30% (11/37) were
overweight and 30 % (11/37) were obese. Females were smaller (158 vs 166 cm),
heavier (BMI 29.2 vs 26.3 kg/m2) and their systolic blood pressure was higher (147
vs 137 mmHg) in comparison with males.
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Diastolic BP (mmHg)
27
37

Female
Both

37

Both
10

27

Female
Male

10

37

Both
Male

27

Female

Systolic BP (mmHg)

10

Male

BMI (kg/m2)

N

Sex

Characteristic

80.0

80.6

78.2

144.4

147.3

136.5

28.4

29.2

26.3

Mean

FH

10.2

9.3

12.7

19.1

18.8

18.5

5.5

4.9

6.6

SD

79.0

79.0

75.0

149.0

152.0

131.0

27.1

29.2

24.7

Median

56–98

64–96

56–98

107–182

108–182

107–160

20–44

22–40

20–44

Range

286

180

106

286

180

106

300

192

108

N

81.8

81.4

82.4

151.0

153.1

147.4

27.9

28.4

27.2

Mean

11.9

12.4

11.0

22.6

23.0

21.5

4.5

4.9

3.7

SD

Controls

82.0

81.0

83.5

150.0

152.0

147.5

27.7

28.3

27.1

Median

35–126

35–126

54–111

93–216

100–216

93–195

18–45

18–45

20–39

Range

Table 4. BMI and blood pressure (BP) values subdivided according to sex among older FH patients and Health2000 control patients
in the same age category.

5.1.4 The prevalence of chronic diseases
Almost half of the patients (17/37, 46%) were receiving antihypertensive medication.
The mean duration of antihypertensive medication was 22,3 years. Hypertension
was more prevalent among males than females (50% vs 30%). There were no cases
of type 1 diabetes, but five patients were type 2 diabetics. Two patients were using
oral hypoglycemic agents (one sulphonylurea, one metformin), two were using
metformin plus bedtime insulin injection and one patient was receiving multiinjection insulin therapy. All of these diabetics were female.
All of the men (10/10) and more than half of the women (17/27) were suffering
from CHD, thus three out of every four were CHD patients but other vascular
disorders were less common. The prevalence of the cardiovascular diseases
according to the sex can be seen in table 5. The diagnosis of CHD among FH
patients was based on the presence of AMI or revascularization in 14/27, on
coronary angiography in 3/27, on thallium scanning or bicycle ergometer in 8/27
and finally on a typical history of exercise-induced angina pectoris in 2/27. Those
without CHD (n = 10) were also free of all other cardiovascular diseases. Table 5
shows also the incidence of CHD, AMI, stroke and PAD among control patients in
the Health2000 Survey. The term stroke included brain infarcts and hemorrhages,
but the incidence of TIA, aortic aneurysm and coronary procedures were not
available.

64

65

0 (0%)

Subarachnoid hemorrhage, n (%)

FH

3 (11.1%)

2 (7.4%)

1 (3.7%)

2 (7.4%)

2 (7.4%)

4 (14.8%)

3 (11.1%)

3 (11.1%)

5 (18.5%)

17 (63.0%)

Females, n=27

4 (10.8%)

3 (8.1%)

4 (10.8%)

2 (5.4%)

2 (5.4%)

7 (18.9%)

4 (10.8%)

9 (24.3%)

11 (29.7%)

27 (73.0%)

Both, n=37

NA

12 (10.7%)

NA

12 (10.7%)

NA

NA

NA

29 (25.9%)

52 (46.4%)

Males, n=112

*includes number of strokes including brain infarcts and brain haemorrhages, n=283, # n=292, NA=Not available

1 (10.0%)

0 (0%)

Brain infarct, n (%)

Aortic aneurysm, n (%)

3 (30.0%)

Aortic valve stenosis in echocardiography, n (%)

2 (20.0%)

1 (10.0%)

Percutaneus coronary intervention, n (%)

1 (10.0%)

6 (60.0%)

Coronary bypass surgery, n (%)

Peripheral artery disease, n (%)

6 (60.0%)

Acute myocardial infarction, n (%)

Transient ischemic attack, n (%)

10 (100.0%)

Males, n=10

Coronary heart disease, n (%)

Cardiovascular disease or procedure

Table 5. Cardiovascular diseases in the older FH patients and Health2000 controls.
Controls

NA

4 (2.0%)

NA

13 (6.6%)

NA

NA

NA

23 (11.7%)

94 (47.7%)

Females, n=157

Both, n=309

NA

16 (5.2%)#

NA

25 (8.1%)*

NA

NA

NA

52 (16.8%)

146 (47.2%)

5.1.5 Medication
All FH patients were using some kind of continuous medication, the mean number
of medications was 5.5 (SD 3.1), with range from one to 17 preparations. Those
with CHD were using a mean of 6.3 (SD 3.0) preparations and those with DM 9.2
(SD 4.8) preparations, respectively. The preparations most commonly used were:
statins 36/37 (97%), acetylsalicylic acid 30/37 (81%), beta-blocker 25/37 (68%),
nitrate 17/37 (46%), angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers 12/37 (32%), bile acid-binding resins 12/37 (32%), diuretics
10/37 (27%), calcium antagonists 9/37 (24%), warfarin 4/37 (11%), clopidogrel
2/37 (5%), bezafibrate 2/37 (5%) and ezetimibe 2/37 (5%).
The most commonly used statin drug was simvastatin: 14/37 (38%), then
lovastatin 9/37 (24%) and atorvastatin 9/37 (24%) and finally rosuvastatin 4/37
(11%). The only statin non-user had discontinued her statin treatment because of
side effects. The average duration of statin therapy was 15.3 years (range 11–18
years). The FH patients were on average 57 years old when they started statin
medication, range 46 to 67 years. The mean total and LDL-cholesterol values before
statin treatment were 10.5 mmol/L (SD 2.7) and 8.7 mmol/L (SD 2.8), respectively.
5.1.6 Laboratory values
One male patient did not visit the laboratory. The lipid values according to the sex
are presented in the table 6. The total cholesterol value was significantly higher in
females in comparison with males even after exclusion of the statin non-user female
(p=0.025, Mann-Whitney test) and triglycerides values were almost significantly
higher in females (p=0.054, Mann-Whitney test). If the only statin non-user was
excluded, the mean cholesterol in the whole group was 5.35 mmol/L and LDLcholesterol 3.34 mmol/L, respectively. Table 6 includes also lipid values of control
patients in the Health2000 Survey. Table 7 shows other laboratory values, mean
and range according to the sex and normal range.
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67

27
36

Female
Both

36

Both
9

27

Female
Male

9

36

Both
Male

27

Female

1.25

1.30

1.11

1.45

1.46

1.40

3.55

3.73

2.99

5.56

5.78

4.90

Mean

0.55

0.46

0.77

0.55

0.35

0.44

1.49

1.65

0.56

1.52

1.67

0.64

SD

FH

1.15

1.20

0.92

1.40

1.42

1.29

3.33

3.39

2.94

5.25

5.39

4.71

Median

0.52–3.06

0.74–2.56

0.52–3.06

0.63–2.32

0.76–2.32

0.63–2.07

1.96–10.84

2.04–10.84

1.96–3.67

4.36–13.00

4.38–13.00

4.36–6.30

Range

280

176

104

280

176

104

274

172

102

280

176

104

N

1.78

1.79

1.77

1.25

1.31

1.14

3.91

3.95

3.85

5.95

6.05

5.78

Mean

0.94

0.90

1.01

0.35

0.36

0.30

0.98

1.02

0.89

1.10

1.11

1.50

1.60

1.45

1.22

1.29

1.08

3.80

3.85

3.80

5.80

5.90

5.80

46
315
22
141

Gamma–glutamyl transferase (GGT), U/l

Serum uric acid, umol/l

Alanine aminotransferase (ALT), U/l

Alkaline phosphatase (AFOS), U/l
5.7

84

Creatinine, umol/l

5.8

204

Platelet count, E9/l

Glycosylated hemoglobin, %

7.1

White cell count, E9/l

Fasting plasma glucose, mmol/L

144

Mean

Hemoglobin, g/l

Laboratory value

Male, n=9

5.4–6.2

5.1–6.8

79–197

14–37

191–470

11–145

69–112

107–302

4.3–12.9

132–164

Range

4.0–6.0

4.0–6.0

60–270

10–50

150–450

0–80

55–105

150–360

3.4–8.2

134–167

Normal values

6.2

6.3

165

26

335

24

70

226

6.8

129

Mean

Female, n=27

5.4–8.6

4.5–10.7

64–314

4–43

148–750

10–55

38–125

119–500

4.3–13.2

111–140

Range

Range

0.60–6.80

0.60–6.30

0.70–6.80

0.58–2.83

0.58–2.83

0.61–1.97

1.10–7.10

1.10–7.10

1.40–6.20

2.20–9.40

2.20–9.40

2.90–8.80

4.0–6.0

4.0–6.0

60–270

10–45

120–340

0–50

45–85

150–360

3.4–8.2

117–155

Normal values

Median

Control
1.06

SD

Table 7. Laboratory values in older FH patients subdivided according to sex: mean, range and normal values.

SD=Standard deviation

Triglycerides (mmol/L)

HDL–cholesterol (mmol/L)

9

36

Both
Male

27

Female

LDL–cholesterol (mmol/L)

9

Male

Total cholesterol (mmol/L)

N

Sex

Laboratory value

Table 6. Lipid values subdivided according to sex in older FH patients and controls from the Health2000 examination.

5.2

HRQoL in older FH patients

5.2.1 RAND-36 questionnaire
Two patients did not fill in the RAND-36 questionnaires. Table 8 shows the results
in eight domains of the RAND-36 questionnaire according to sex. Male and female
patients did not differ from each other. The older age group (75 to 84 years) had a
lower score in physical functioning: 51.2 vs 66.4 (p=0.051).Those with CHD had
a significantly lower score in physical functioning: 55.7 vs 79.5 and role physical:
41.0 vs 80.6 (p=0.007). Patients with hypertension had significantly lower score in
vitality: 60.1 vs 75.0 (p=0.040). Five patients with better education had significantly
higher scores in physical functioning: 84.9 vs 58.8 (p=0.021) and role physical:
90.0 vs 44.8 (p=0.019) and almost significantly higher scores in bodily pain: 87.0
vs 63.5 (p=0.054) than those with low education. Those with the more prolonged
statin therapy had almost significantly higher scores in general health: 57.8 vs 44.2
(p=0.063).

Table 8. RAND-36 scores in older FH patients according to sex.
Variable

Male

Female

Both

n

Mean(SD)

n

Mean(SD)

n

Mean(SD)

PF=Physical functioning

10

63.4(28.2)

25

62.2(24.4)

35

62.5(25.2)

RP=Role Physical

10

47.5(44.8)

24

53.1(37.8)

34

51.5(39.4)

BP=Bodily Pain

10

69.3(25.4)

25

65.9(25.8)

35

66.9(25.4)

GH=General Health

10

54.0(21.7)

25

49.6(19.7)

35

50.8(20.1)

VT=Vitality

10

68.5(26.6)

25

67.5(18.8)

35

67.8(20.9)

SF=Social Functioning

10

83.8(19.6)

22

81.8(22.4)

32

82.4(21.3)

RE=Role Emotional

9

66.7(44.1)

23

63.0(38.9)

32

64.1(39.7)

MH=Mental Health

10

78.4(14.3)

25

81.3(14.9)

35

80.5(14.6)

SD=Standard deviation, See table 2: descriptions of categories

Figure 6 shows means in the eight RAND-36 dimensions for FH patients compared
with age-standardized population controls (aged 65 and older, n = 531). FH patients
had a significantly higher score in mental health (p = 0.031), and their score in
vitality was also higher, but did not quite reach statistical significance (p = 0.051)
as compared with the general older population, otherwise there were no significant
differences.
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Figure 6. RAND-36 Questionnaire: means in eight domains for familial hypercholesterolemia (FH; n = 35) and age-matched Finnish controls (n = 531). PF, physical functioning;
RP, role physical; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE, role emotional; MH, mental health. *p = 0.031 (MH), p = 0.051 (VT). (Published
by permission of Cambridge University Press)

5.2.2 15D questionnaire
Only one patient did not fill in the15D questionnaire. Figure 7 shows the 15D
profile in FH patients compared with age-standardized population controls. There
were statistically significant differences between the groups in the dimensions
of elimination (bladder and bowel function) (FH better, p = 0.014) and distress
(feelings of anxiety, stress or nervousness) (controls better, p = 0.051). In addition,
in the logistic regression, depression was found to be a significant explanatory
variable discriminating the groups; controls were worse off (p = 0.010). The mean
15D scores were almost identical: 0.850 for the FH patients and 0.851 for the
population controls.
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Figure 7. 15D Profile for familial hypercholesterolemia (FH) group (n = 36) and agestandardized control population (Popul., n = 1 287) in Finland. (Published by permission
of Cambridge University Press)

5.3

Brain MRI findings of older FH patients

5.3.1 Patient characteristics
Two patients refused to undergo the MRI scan examination due to fear of narrow
places, one person was excluded because she was a statin non-user, and in one
subject the quality of MRI did not allow reliable evaluation. These individuals
were therefore excluded from the analyses, leaving data from 33 patients (nine
males, 24 females). Their mean age was 72 years (median 71, range 65 to 84 years).
Seventeen patients (52%) reported receiving treatment for hypertension, and four
patients (12%) were being treated for type 2 diabetes. All of these FH patients
had been using statins; the average duration of use was 15.3 years (range 11 to 18
years). All of men and more than half of females (17 out of 24) were suffering from
CHD, but other vascular disorders were less common. Two patients had a clinical
history of ischemic brain infarct, and three patients had experienced a TIA attack.
Two individuals had a previous history of subarachnoid hemorrhage (SAH); one of
them had also had a TIA attack. The subjects without CHD (n =7) were also free of
all other cardiovascular diseases.
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5.3.2 Silent brain infarcts
Post-infarct changes were found in six older FH patients (18%); two of them were
clinically silent. The other four patients had the following diagnoses: 1) a history of
ischemic brain infarction, 2) a history of SAH, 3) a history of TIA and 4) a history
of both TIA and SAH. In contrast, MRI could not detect any signs of infarction in
one patient with a history of symptomatic brain infarction 14 years earlier; she had
made a full recovery. In conclusion, only two out of 33 (6%) silent brain infarcts
were detected in this high risk, older group.
5.3.3 WMHIs
Older FH patients were further divided into two age categories: age 65 to 74 years
(FHe1 group, n = 23) and age 75 to 84 years (FHe2 group, n = 10). Their clinical
characteristics were compared with those of middle-aged FH patients with CHD
(FHm, n = 19) and the healthy controls (Cont group, n = 29) from the previous
study (Soljanlahti et al. 2007). The results of this comparison are shown in table 9.
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Table 9. Characteristics and Cardiovascular Medication and Lipid Values of FH-NK older
patients, FH-NK middle-aged CHD patients and Controls.
FH, 65-74 y,

FH, 75-84 y,

FH, CHD, 48-64 y,

Characteristic

n=23, FHe1

n=10, FHe2

n=19, FHm

Healthy controls,
46-63 y, n=29, Cont

Males/females

5/18

4/6

11/8

13/16

Age, years

69.1 (3.0)

78.9 (2.8)

55.9 (4.5)

56.0 (3.8)

BMI, kg/m2

28.9 (6.1)

26.7 (3.8)

26.7 (2.8)

25.9 (3.5)

Systolic blood pressure,
mmHg

144 (18)

137 (17)

137 (23)

130 (14)

Diastolic blood pressure,
mmHg

82 (10)

73 (8)

78 (10)

79 (9)

Statin usage, years

15.5 (1.5)

15.0 (1.4)

15.1 (1.3)

0

Beta-blockers,
users n (%)

16 (70%)

8 (80%)

18 (95%)

1 (3%)

Acetylsalicylic acid,
users, n (%)

20 (87%)

7 (70%)

17 (89%)

0 (0%)

ARB or ACE-inhibitors,
users, n (%)

7 (30%)

5 (50%)

3 (16%)

0 (0%)

Smokers, n (%)

1 (4%)

0 (0%)

3 (16%)

0 (0%)

TIA, subjects, n (%)

3 (13%)

0 (0%)

2 (11 %)

0 (0%)

Ischemic stroke,
subjects, n (%)

0 (0%)

2 (20%)

1 (5%)

0 (0%)

Coronary heart disease,
subjects, n (%)

17 (74%)

9 (90%)

19 (100%)

0 (0%)

Acute myocardial infarcts,
subjects, n (%)
6 (26%)

5 (50%)

8 (42%)

0 (0%)

Coronary bypass,
subjects, n (%)

7 (30%)

2 (20%)

13 (68%)

0 (0%)

Coronary balloon
angioplasty,
subjects, n (%)

3 (13%)

1 (10%)

5 (26%)

0 (0%)

Total cholesterol, mmol/l

5.5 (0.9)

4.9 (0.4)

6.0 (1.0)

5.6 (0.8)

LDL cholesterol, mmol/l

3.5 (0.9)

3.1 (0.5)

4.1 (0.9)

3.3 (0.7)

HDL cholesterol, mmol/l

1.5 (0.4)

1.3 (0.3)

1.3 (0.3)

1.7 (0.4)

Triglycerides, mmol/l

1.3 (0.6)

1.2 (0.6)

1.2 (0.4)

1.4 (0.6)

Values are means (SD), unless otherwise stated.

FH-NK: familial hypercholesterolemia North Karelia; BMI: body-mass index;
TIA: transient ischemic attack; ACE: angiotensin converting enzyme; ARB:
angiotensin-receptor blockers. (Published by permission of John Wiley & Sons
Ltd.)
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The number of WMHIs in older FH patients ranged from 0 to 91 (median 9,
interquartile range 3–25). Those in the FHe1 group (65–74y) had a significantly
lower number of WMHIs (median 6, interquartile range 1–15) compared with the
FHe2 group (75–84y) (median 21, interquartile range 11–47; p = 0.002) (Figure 8).
The difference was significant both for the peripheral WMHIs (p = 0.008) and the
deep WMHIs (p = 0.007). At least one WMHI < 5 mm in diameter was found in 32
(97%) older FH patients, but there were no differences between the two age groups.
In contrast, at least one WMHI > 5 mm was found in only seven out of 23 (30%)
subjects in the FHe1 group (65–74y) as compared to seven out of 10 (70%) in the
FHe2 group (75–84y) ( p = 0.057).

100

Total amount of WMHIs

80

60

40

20

0
Older FH: 65–74 years
FHe1

Oldest FH: 75–84 years
FHe2

FH middle-aged
FHm

Middle-aged controls
Cont

MRI Group
Figure 8. A box plot shows the median and the 25th and 75th percentiles for the total
amount of white matter hyperintensities (WMHIs) of four different groups: younger
group of older FH-NK patients (65–74 years, n =23)(FHe1), older group of older FHNK patients (75–84 years, n =10)(FHe2), middle-aged FH-NK patients with CHD (48–64
years, n = 19)(FHm), and healthy, middle-aged controls (49–63 years, n = 29)(Cont). Asterix and circle represent outliers. (Published by permission of John Wiley & Sons Ltd.)
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The number, size, and location of WMHIs among older FH patients were further
compared to the corresponding values in middle-aged FH patients with CHD, and
in healthy, middle-aged controls, the results are shown in table 10. Only one of
the older FH patients was free of any WMHIs. The prevalence (30%) of at least
one WMHI > 5 mm in diameter in the FHe1 group (65–74y) did not significantly
differ from that in the FHm group (n = 5, 26%) (p = 0.769) or the Cont group (n
= 6, 21%) (p = 0.420). The total and peripheral number of WMHIs did not differ
between the Cont and FHe1 groups (65–74y) (p = 0.410 and 0.394, respectively),
Instead, there was a tendency towards better results in these changes in the FHm
group as compared to the FHe1 group (65–74y) (total number of WMHIs, p =
0.071; peripheral number of WMHIs, p = 0.075). Finally, the numbers of total and
large (> 5 mm in diameter) WMHIs subdivided according to group and age are
presented in figures 8 and 9.

Table 10. WMHIs of FH-NK older patients, FH-NK middle-aged CHD patients and healthy
middle-aged controls.

WMHI

FH, 65–74 y,

FH, 75–84 y,

FH, CHD, 48–64 y, Healthy controls,

n=23, FHe1

n=10, FHe2

n=19, FHm

46–63 y, n=29, Cont value

p–

22 (96%)

10 (100%)

11 (58%)

22 (76%)

0.007

7 (30%)

7 (70%)

5 (26%)

6 (21%)

0.034

At least one < 5 mm
WMHI, subjects (%)
At least one > 5 mm
WMHI, subjects (%)
Total, no.

6 (1–15)

20.5 (11–47)

4 (0–8)

3 (1–13)

0.001

Peripheral, no.

5 (1–13)

15 (6.8–34.5)

2 (0–6)

3 (0.5–12)

0.004

Deep, no.

0 (0–1)

4 (0.8–12.5)

0 (0–1)

0 (0–1)

0.002

Values for WMHIs are medians, with interquartile ranges in brackets.
WMHI: white matter hyperintensity; FH–NK: familial hypercholesterolemia, North Karelia–mutation
(Published by permission of John Wiley & Sons Ltd.)
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Figure 9A. Relationship between age and total amount of white matter hyperintensities
(WMHIs): dark diamonds represent healthy controls, red diamonds represent FH patients. (Published by permission of John Wiley & Sons Ltd.)

Figure 9B. Relationship between age and the number of large (> 5 mm in diameter) WMHIs: dark diamonds represent healthy controls, red diamonds represent FH patients.
(Published by permission of John Wiley & Sons Ltd.)

Binary logistic regression was used to identify independent predictors of at least
one large (> 5 mm in diameter) WMHI on MRI. In comparison with controls,
the unadjusted odds ratio (OR) for all FH patients was 2.21 (95% CI 0.76–6.38).
However, when adjusted for sex, BMI (greater than or less than 30 kg/m2),
hypertension, cerebrovascular disease (TIA or stroke in past history), and current
smoking, all as categorical variables, the OR was 0.76 (95% CI 0.18–3.20). If age
was further added as a continuous variable to the regression, then the OR became
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0.19 (95% CI 0.03–1.34, p = 0.096). The results are seen in table 11. When the
analysis was continued by dividing the older into two groups, the adjusted OR was
0.52 (95% CI 0.08–3.31) for FHe1 group (65–74 y), 3.67 (95% CI 0.57–23.62)
for FHe2 group (75–84y), and 0.29 (95% CI 0.04–2.06) for middle-aged FH. We
did not adjust for age since, in this comparison; age differed in these groups by
definition.

Table 11. Logistic regression, dependant variable is at least one large (> 5 mm in diameter) WMHI, predictors age (continuous variable) and all other variables categorical:
group (FH versus controls), sex (females versus males), BMI (obese, > 30 kg/m2 versus
others), hypertension (medication versus not) and cerebrovascular disease (stroke or
TIA in history or not).
Variable

B

S.E.

Wald

df

Sig.

Exp(B)

Lower

Upper

-1,652

,993

2,768

1

,096

,192

,027

1,342

sex(1)

-,940

,617

2,317

1

,128

,391

,116

1,311

BMI(1)

,369

,691

,285

1

,593

1,447

,373

5,604

Group(1)

95% C.I.for EXP(B)

HTA(1)

1,328

,842

2,488

1

,115

3,772

,725

19,637

CVD(1)

2,471

1,096

5,079

1

,024

11,830

1,380

101,420

smoking(1)

3,266

1,441

5,133

1

,023

26,199

1,554

441,809

,111

,043

6,792

1

,009

1,118

1,028

1,215

-7,193

2,408

8,919

1

,003

,001

age
Constant

a. Variable(s) entered on step 1: group, sex, BMI, HTA, CVD, current smoking, age.

5.4

Cognitive results with CERAD in FH older patients

5.4.1 CERAD results
All patients underwent CERAD neuropsychological test battery as executed by the
student of psychology specially trained to administer this test. The results were also
reviewed by the neuropsychology of the North Karelia Central Hospital. Table 12
shows the test results. Table 12 shows also values from a population based random
sample of 321 healthy elderly people aged from 63 to 79 years (Pulliainen et al.
2007). Persons with dementia, Parkinson`s disease, epilepsy, depression, previous
stroke or excessive alcohol use were excluded from this control population.
Cut-off scores are adopted from the new Finnish version of CERAD
neuropsychological battery (Hänninen et al. 2010) and the total score cut-off from
the Finnish cut-off value for the CERAD total score in the AddNeuroMed Study
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(Paajanen et al. 2010). Whole memory is a new term, it is calculated by adding
the number of words in the Word List Delayed Recall and the number of right
answers in Word List Recognition (Rec-Yes and Rec-No) (Hänninen et al. 2010).
Table 13 shows relationships between some CERAD subtest results and clinical
characteristics. The score in the Whole Memory was borderline significantly better
in females compared to males (p= 0.050). The older age group (75 to 84 years)
were worse off in MMSE (p= 0.026) and Total Memory scores (p= 0.045) and in
the WLL sum score, the significance was borderline (p= 0.058). Those without
CHD had significantly better scores in WLL sum (p= 0.038) and in those with a
better education, the significance was borderline (p= 0.058). Those with longer
than median statin duration exhibited significantly better scores in WLDR subtest
(p= 0.023) and Whole Memory subtest (p= 0.04).

Table 12. Mean(SD), median, range and persons under the cut-off score of each subtest
of CERAD neuropsychological battery for FH older persons and mean(SD) values for
control Finnish older persons.
Subtest

FH, n=37

Those under cut-off
score, abnormal result:
n(%)

Controls, n=311–321,
age 63–79 years*

Mean(SD)

Median

Range

Fluency

20.1(4.8)

21

9–30

< 16 words: 7 (18.9%)

20.6(5.7)

Mean(SD)

Naming

11.5(2.7)

12

6–15

< 12 words: 17 (45.9%)

12.9(1.9)

MMSE

25.6(3.0)

26

18–30

< 25 points: 12 (32.4%)

27.5(1.7)

WLL, 1. Trial

4.7(1.3)

4

2–7

NA

WLL, 2. Trial

6.7(1.6)

7

3–10

NA

WLL, 3. Trial

7.6(1.3)

8

4–10

WLL: Sum

19.1(3.5)

19

10–27

Constructional Praxis

8.8(1.9)

9

6–11

WLDR

6.2(2.0)

6

0–10

< 5 words: 6 (16.2%)

NA

Savings (%)

81.2(23.5)

83.3

0–133

< 75%: 8 (21.6%)

83.2(16.0)

WLL Recognition (%)

95.7(7.0)

100

65–100

< 90%: 3 (8.1%)

95.4(6.2)

Whole Memory

25.3(2.9)

25

15–30

< 23: 4 (10.8%)

NA

NA
< 17 words: 7 (18.9%)

19.8(3.6)
NA

Delayed recall of
constructional praxis
(%)

86.9(17.2)

90

45–114

< 60%: 2 (5.4%)

73.9(28.8)

Clock drawing

4.9(1.5)

6

1–6

< 5: 11 (29.7%)

5.2(1.1)

Total score

74.5(10.9)

76

40–93

< 69.5: 10 (27%)

NA

WLL=Word List Learning, WLDR=Word List Delayed Recall, SD=Standard deviation, NA=Not available
*Pulliainen et al 2007
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Table 13. Relationships between some CERAD test results (mean and SD) and clinical
characteristics in older FH patients.
Characteristic

N

Fluency
Mean (SD)

MMSE
(Mean, SD)

WLL sum score
(Mean, SD)

WLDR
(Mean, SD)

Whole Memory
(Mean, SD)

Total

37

20.1 (4.8)

25.6 (3.0)

19.1 (3.5)

6.2 (2.0)

25.3 (2.9)

Male

10

20.7 (4.2)

27.0 (1.6)

17.9 (2.5)

5.7 (1.4)

24.6 (1.8)

Female

27

19.9 (5.1)

25.0 (3.3)

19.5 (3.8)

6.4 (2.2)

25.6 (3.2)

0.669*

0.130#

0.229*

0.085#

0.050#

Sex

p
Age group
65–74 y

26

20.7 (4.5)

26.3 (2.7)

19.9 (2.8)

6.5 (2.0)

26.0 (2.2)

75–84 Y

11

18.7 (5.3)

23.8 (3.1)

17.0 (4.3)

5.5 (2.0)

23.8 (3.7)

0.251*

0.026#

0.058*

0.156#

0.045#

p
CHD
Yes

27

20.2 (5.9)

25.6 (3.2)

18.3 (3.7)

6.1 (2.6)

25.1 (3.0)

No

10

20.1 (4.4)

25.5 (2.9)

21.0 (2.3)

6.2 (1.8)

26.0 (2.5)

0.961*

0.853#

0.038*

0.626#

0.239#

p
Education
Low

32

19.7 (4.6)

25.3 (3.1)

18.6 (3.4)

6.1 (2.0)

25.2 (3.0)

Middle

5

22.8 (5.8)

27.6 (2.1)

21.8 (3.1)

6.8 (2.0)

26.4 (2.2)

0.185*

0.117#

0.059*

0.684#

0.444#

p
Statin duration
Less than median

18

19.9 (4.9)

25.7 (2.6)

18.1 (2.6)

5.4 (1.9)

24.6 (2.3)

More than median 19

20.3 (4.8)

25.4 (3.5)

20.0 (4.0)

6.9 (1.9)

26.0 (3.3)

p

0.818*

0.963#

0.113*

0.023#

0.044#

*=Student’s t-test, #=Mann-Whitney test, SD=Standard deviation, CHD=Coronary heart disease

5.4.2 Comparison with the control population
The controls, derived from the National Health 2000 Health Examination Survey,
were examined by a trained study nurse using only the following parts of the
CERAD: Verbal fluency, Word List Learning (WLL): Trial 1, Trial 2, Trial 3
learning and Word List Delayed Recall (WLDR), and a Savings score.
Table 14 shows the characteristics of the aged FH persons and the population
controls, not including any FH patients. In the 307 population controls, there were
61 persons (19.7%) using statin therapy, but the exact length of therapy could not
be determined. However, because statin therapy did not become widely prescribed
until the middle of the 1990`s, it can be assumed that the length of statin therapy
in the control population was less than 10 years and presumably shorter than five
years in most cases. Controls were divided according to the use of statin treatment.
Controls with statin treatment were younger (mean 70.4 years versus 74.2 years,
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p = 0.000) and heavier (median BMI 29.1 kg/m2 versus 27.3, p = 0.012) than those
with no statin treatment. CHD (67.2% versus 42.7%, p = 0.001) and AMI in the
past (29.5% versus 11.8%, p = 0.004) were more prevalent among statin treated
controls, as expected. Total cholesterol (median 5.40 versus 5.90 mmol/L, p =
0.024) and LDL cholesterol (median 3.40 versus 4.00 mmol/L, p = 0.004) values
were lower in statin treated controls. FH patients were subdivided according to the
duration of statin therapy: less than median (<15.3 years, n = 18) and more than
median (n = 19).

Table 14. Characteristics of FH Patients and Population Controls with or without statin
medication.
Characteristic

N

FH older patients,
n=37

Population
Population
controls,
controls, statin
non–statin users, users, n=61
n=246

Age (years)

37/246/61

71.9 (5.2)

74.2 (5.6)

70.4 (4.5)

0.000

Sex (% male)

37/246/61

27.0

36.6

36.1

0.523

Education (%
lowest=primary
schooling)

37/245/60

86.5

79.2

71.7

0.306

Smokers (% current or
ever)

37/242/59

24.3

26.9

30.5

0.635

Systolic blood pressure
(mmHg)

37/228/57

144.4 (19.1)

150.7 (22.8)

151.6 (21.4)

0.242

Diastolic blood pressure
(mmHg)

37/228/57

80.0 (10.2)

81.5 (12.0)

83.0 (11.6)

0.454

27.1 [19.7–43.8]

27.3 [17.7–44.8]

29.1 [18.9–40.4]

0.047

Body mass index (kg/m2) 37/238/60
Coronary heart disease
(%)

p–
value

37/246/61

73.0

42.7

67.2

0.000

Myocardial infarction (%) 37/246/61

29.7

11.8

29.5

0.002

Antihypertensive
medication (%)

37/246/61

45.9

50.0

42.6

0.480

Diabetes (%)

37/246/61

13.5

15.9

13.1

0.832

Stroke (%)

37/245/61

10.8

8.6

6.6

0.758

Total cholesterol, mmol/L 36/223/56

5.25 [4.36–13.00*]

5.90 [2.20–9.40]

5.40 [3.30–8.40]

0.000

LDL–cholesterol, mmol/L 36/218/55

3.33 [1.96–10.84*]

4.00 [1.10–7.10]

3.40 [2.00–6.20]

0.000

HDL–cholesterol, mmol/L 36/223/56

1.40 [0.63–2.32]

1.22 [0.58–2.35]

1.18 [0.64–2.83]

0.005

Triglycerides, mmol/L

1.15 [0.52–3.06]

1.50 [0.60–6.30]

1.70 [0.70–6.80]

0.000

36/223/56

Results are expressed as mean (standard deviation), proportion (%) or median [range].* statin nonuser
(Published by permission of IOS Press)
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Table 15 shows the results of cognitive testing including Fluency, WLL, trials 1,2,
and 3 and WLDR and Savings. The groups did not differ in their Verbal Fluency
or Savings, but in all WLL trials and delayed recall, the FH patients scored better
than controls. The p value corresponding to the overall association between FH
diagnosis and the six cognitive tests in the SUR model was 0.0175 indicating that
there is an association between FH diagnosis and the assessed cognitive functions.

Table 15. CERAD Battery Cognitive Testing: Fluency, Word List Learning: trial 1, trial 2,
trial 3, Word List Delayed Recall, Savings: results in the FH group and control group
with or without statin treatment.
Test

Fluency

N

FH older patients,
n=37

Population Controls,
non–statin users,
n=246

Population Controls,
statin users, n=61

Mean (SD) Median
[Range]

Mean (SD) Median
[Range]

Mean (SD) Median
[Range]

37/220/57 20.1 (4.8)

p–
value

21 [9–30]

18.9 (7.1)

19 [4–39]

20.4 (7.0)

19 [6–43]

0.230

Word List 1.
learning trial 37/217/57 4.7 (1.4)

4 [2–7]

3.6 (1.8)

4 [0–8]

3.8 (1.5)

4 [1–7]

0.001

Word List 2.
learning trial 37/216/57 6.7 (1.6)

7 [3–10]

5.7 (2.0)

6 [0–10]

6.1 (1.8)

6 [1–10]

0.004

Word List 3.
learning trial 37/215/57 7.6 (1.3)

8 [4–10]

6.5 (2.0)

7 [0–10]

6.9 (1.9)

7 [1–10]

0.001

Word List
Delayed
Recall

6 [0–10]

4.9 (2.3)

5 [0–10]

5.5 (1.9)

6 [0–9]

0.001

37/214/57 6.2 (2.0)

Savings (%) 37/214/57 79.2 (20.3) 83 [0–100]

72.8 (26.0) 75 [0–100]

78.0 (18.9) 80 [0–100] 0.314

(Published by permission of IOS Press)

The Fluency, WLL and WLDR results in the control population were divided into
tertiles. Logistic regression was then performed to analyze the odds of FH patients
being in the top tertile in three separate CERAD subtests: Fluency, WLL3, and
WLDR (table 16). The FH subjects did not obtain better results in Fluency, but
they had an OR of about 3 of being in the top tertile in WLL3 and WLDR subtests
and after adjustment for age, gender, education, DM, and CHD, the ORs were 2.83
(95% CI 1.28 – 6.25), p = 0.010 and 3.40 (95% CI 1.52 – 7.63), p = 0.003 in WLL3
and WLDR, respectively. Further adjustment for the presence of hypertension,
stroke, and also for lipid values, BMI, blood pressure values and smoking did
not change this result. Table 17 shows the results of univariate testing of different
variables on the outcome of being in the top tertile in WLL, 3. trial and WLDR. In
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addition to being in the FH group, younger age, and female sex were significant
predictors of being in the top tertile in both tests. Higher education was significant
in WLL, 3. trial and absence of CHD was significant in WLDR. Ex-smokers were
significantly less likely to be in top tertile in WLDR. Higher diastolic pressure and
higher HDL cholesterol value were also associated with a better result in WLDR
in the univariate analysis. In the WLL,3. trial, a higher HDL value predicted also a
better result and higher triglyceride values tended to have a worse result. However,
the impact of HDL and triglyceride values, smoking and diastolic blood pressure
vanished in multivariate testing. The multivariate testing is shown in tables 18 and
19. Table 20 lists the logistic regression showing the result of being in the top
tertile in WLL, 1. trial and WLL, 2. trial. In WLL,1. trial, the presence of DM had a
significant negative impact on the outcome, in other subtests it was not significant.
Higher education had a positive impact on the outcome in WLL, 1. trial.

Table 16. Crude and adjusted ORs for predicting the result of being in the upper tertile
in each CERAD subtest: Fluency, Word List Learning 3. trial, Word List Delayed Recall.
CERAD subtest

FH
OR (95% CI)

p-value

FH
OR adj* (95% CI)

p-value

Fluency

1.07 (0.51–2.23)

0.853

1.21 (0.55–2.67)

0.632

Word List Learning, 3. trial

2.98 (1.48–6.02)

0.002

2.83 (1.28–6.25)

0.010

Word List Delayed Recall

3.02 (1.50–6.09)

0.002

3.40 (1.52–7.63)

0.003

*adjusted for age (continuous variable) and sex, education, CHD, DM. (Published by permission of IOS
Press)
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Table 17. Univariate logistic regression, dependent variable being in the top tertile of
WLL, 3. trial and WLDR subtest.
Variable

WLL3

WLDR

OR

95% CI

p

OR

95% CI

p

FH group

2.98

1.48–6.02

0.002

3.02

1.50–6.09

0.002
0.000

Age/year (continuous)

0.88

0.84–0.92

0.000

0.88

0.83–0.93

Age group: 65-74 years

4.11

2.40–7.03

0.000

3.49

1.93–6.32

0.000

Sex: female

2.42

1.44–4.05

0.001

2.40

1.35–4.27

0.003

Education: middle

1.94

1.02–3.67

0.042

1.69

0.86–3.32

0.127

Education: higher

2.82

1.14–6.97

0.025

2.38

0.96–5.93

0.063

CHD

0.77

0.48–1.22

0.264

0.47

0.28–0.79

0.005

Hypertension

0.74

0.47–1.19

0.213

1.06

0.64–1.76

0.817

Diabetes

0.60

0.30–1.22

0.156

0.55

0.24–1.22

0.142

Stroke

0.72

0.29–1.79

0.474

0.52

0.17–1.57

0.244

BMI 30 or over

0.87

0.52–1.44

0.582

1.15

0.67–1.97

0.607

RR > 160/95 mmHg

0.92

0.56–1.50

0.733

1.00

0.59–1.70

0.994

Current smoker

0.33

0.09–1.19

0.091

0.49

0.14–1.77

0.278

Ex smoker

0.68

0.38–1.21

0.190

0.48

0.24–0.96

0.038

Systolic BP/mmHg

1.00

0.99–1.01

0.949

1.01

0.99–1.02

0.368

Diastolic BP/mmHg

1.02

1.00–1.04

0.111

1.03

1.00–1.06

0.021

BMI (continuous)

0.98

0.93–1.03

0.364

0.99

0.94–1.05

0.837

Total cholesterol (continuous)

1.10

0.90–1.34

0.369

1.13

0.91–1.40

0.274

HDL cholesterol

2.38

1.21–4.67

0.012

2.50

1.23–5.11

0.012

LDL cholesterol

1.11

0.89–1.38

0.375

1.13

0.89–1.43

0.310

Triglycerides

0.73

0.55–0.98

0.034

0.73

0.53–1.01

0.061

Fp-glucose

0.93

0.79–1.08

0.318

0.87

0.72–1.07

0.186

Table 18. Multiple logistic regression was used to calculate the OR with 95% CI for the
result of being in the top tertile in WLL, 3. trial, subtest. Model 1 includes FH group, age,
sex, education, CHD and DM and model 2 includes also smoking, diastolic blood pressure, HDL cholesterol and triglycerides.
Variable

Model 1

Model 2

OR (95% CI)

p

OR (95% CI)

p

2.83 (1.28–6.25)

0.010

2.71 (1.18–6.25)

0.019

Age/year

0.88 (0.83–0.92)

0.000

0.87 (0.83–0.92)

0.000

Sex:female

3.23 (1.81–5.76)

0.000

3.54 (1.68–7.45)

0.001

Education: middle

1.67 (0.82–3.40)

0.157

1.77 (0.85–3.72)

0.129

FH

Education: higher

3.03 (1.10–8.30)

0.031

2.77 (0.97–7.92)

0.057

CHD: yes

1.01 (0.59–1.74)

0.973

1.06 (0.59–1.88)

0.853

DM: yes

0.59 (0.27–1.30)

0.187

0.63 (0.28–1.44)

0.273

Current smoking

0.38 (0.09–1.65)

0.198

Former smoking

1.39 (0.63–3.08)

0.415

Diastolic BP/mmHg

1.01 (0.99–1.04)

0.281

HDL cholesterol

0.86 (0.34–2.18)

0.756

Triglycerides

0.72 (0.49–1.05)

0.086
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Table 19. Multiple logistic regression was used to calculate the OR with 95% CI for the
result of being in the top tertile in WLDR subtest. Model 1 includes FH group, age, sex,
education, CHD and DM and model 2 includes also smoking, diastolic blood pressure,
HDL cholesterol and triglycerides.
Variable

Model 1

Model 2

OR (95% CI)

p

OR (95% CI)

p

FH

3.40 (1.52–7.63)

0.003

3.25 (1.39–7.59)

0.006

Age/year

0.88 (0.83–0.93)

0.000

0.89 (0.84–0.94)

0.000

Sex: female

2.99 (1.59–5.63)

0.001

2.73 (1.25–5.97)

0.012

Education: middle

1.26 (0.60–2.67)

0.543

1.35 (0.62–2.92)

0.446

Education: higher

2.11 (0.76–5.86)

0.150

1.85 (0.64–5.35)

0.254

CHD: yes

0.51 (0.28–0.93)

0.028

0.55 (0.30–1.02)

0.056

DM: yes

0.51 (0.21–1.26)

0.146

0.60 (0.24–1.50)

0.271

Current smoking

0.60 (0.14–2.58)

0.493

Former smoking

0.86 (0.35–2.07)

0.730

Diastolic BP/mmHg

1.02 (0.99–1.05)

0.181

HDL cholesterol

0.80 (0.31–2.06)

0.641

Triglycerides

0.77 (0.51–1.15)

0.198

Table 20. Multiple logistic regression was used to calculate the OR with 95% CI for the
result of being in the top tertile in WLL, 1. trial and WLL, 2. trial subtests. Model includes
FH group, age, sex, education, CHD and DM.
Variable

WLL, 1. trial

WLL, 2. trial

OR (95% CI)

p

OR (95% CI)

p

FH

2.48 (1.12–5.52)

0.026

3.49 (1.55–7.83)

0.002

Age/year

0.88 (0.84–0.93)

0.000

0.88 (0.84–0.93)

0.000

Sex: female

2.00 (1.12–3.58)

0.019

2.46 (1.41–4.28)

0.002

Education: middle

2.64 (1.29–5.41)

0.008

1.28 (0.63–2.59)

0.502

Education: higher

3.55 (1.28–9.83)

0.015

2.62 (0.95–7.22)

0.063

CHD: yes

0.52 (0.30–0.92)

0.023

0.51 (0.30–0.88)

0.015

DM: yes

0.30 (0.12–0.76)

0.011

0.60 (0.28–1.30)

0.194

Logistic regression was also performed to analyze the impact of the length of
statin therapy (table 21). The adjusted ORs for those FH patients with shorter than
median duration of statin therapy were 2.85 (95% CI 0.95–8.50), p = 0.061 and
1.65 (95% CI 0.52–2.52), p = 0.395 in WLL3 and WLDR subtests, respectively.
In patients with longer experience of statin therapy, the respective ORs were 2.59
(95% CI 0.87–7.76), p = 0.089 and 5.40 (95% CI 1.74–16.72), p = 0.003. The
control patients with or without statin therapy did not differ from each other.
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Table 21. Crude and adjusted ORs (95% CI) for predicting the result of being in the upper top tertile of each CERAD subtest: Fluency, Word List Learning 3. trial (WLL3), Word
List Delayed Recall (WLDR):
Group

Fluency
OR
(95% CI)

Fluency
OR adj*
(95% CI)

WLL3
OR
(95% CI)

WLL3
(OR adj*
(95% CI)

WLDR
OR
(95% CI)

WLDR
OR adj*
(95% CI)

Controls statin
+

1.26
(0.68–2.33)

0.93
(0.47–1.86)

1.49
(0.82–2.73)

0.90
(0.45–1.81)

1.04
(0.53–2.05)

0.72
(0.33–1.57)

p-value

0.460

0.839

0.192

0.764

0.909

0.402

FH, statin
<15,3 years

1.17
(0.42–3.24)

1.40
(0.48–4.10)

2.76
(1.04–7.31)

2.85
(0.95–8.50)

1.60
(0.57–4.47)

1.65
(0.52–5.25)

p-value

0.767

0.536

0.041

0.061

0.372

0.395

FH, statin >
15,3 years

1.08
(0.39–2.96)

0.99
(0.33–2.99)

3.79
2.59
(1.43–10.05) (0.87–7.76)

5.48
5.40
(2.05–14.65) (1.74–16.72)

p-value

0.886

0.982

0.007

0.001

0.089

0.003

*adjusted for age (continuous variable) and sex, education, CHD and DM (categorical variables)
(Published by permission of IOS Press)

In a small sample, the information about those patients who were excluded or did
not want to participate, can affect the result. For this reason, “worse case scenario”
was executed. There was sufficient clinical information about those two subjects
who had been excluded and those two who did not want to participate in the study:
sex, age, history of diabetes and CHD and the duration of statin therapy. The
assumptions were made that their education was low and they would not belong
to the top tertile in WLDR subtest. With this added data, the OR (95% CI) for
FH patients to be in the top tertile in WLDR subtest remained significant: 2.76
(1.27–5.98), p = 0.010. Further analysis was done according to the length of statin
therapy. With the added data, the OR (95% CI) for being in the top tertile in WLDR
subtest for those FH patients who had been using statins longer than median, was
still significant, i.e. 4.67 (1.57–13.92), p = 0.006.
5.5

Deceased FH patients

Between years 1993 and 2003, 19 of the FH persons who had been included in a
previous survey had died. The mean age at death was 70.1 years (SD 7.7), range
from 57 to 87 years. Two of them were born in the 1910`s, 11 individuals in the
1920`s and the rest of them: six persons in the 1930`s. Seven of them were males
and 12 were females. Their medical records were investigated except for one
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female subject; her medical records were missing. The mean age at death was 72.6
years in females and 65.8 years in males. Three out of 18 were former smokers, the
remainder was non-smokers. All but one had started statin medication, but some of
them (6/18) had terminated the drug therapy before their death. The mean age at
the initiation of statin therapy was 60.8 years, range from 50 to 75 years. The total
cholesterol value before the start of statin therapy was mean 13,19 mmol/L (SD
2,53), range from 10,00 to 19,20 mmol/L. These values are significantly higher
when compared to those older who survived (p=0.001, Student’s t-test). Almost
half of these patients were using also bile acid-binding resins: 8/18 (44%). The
last total cholesterol value recorded in the patient files was mean 6,80 mmol/L (SD
1.72), range 4.96–11.85 mmol/L.
The prevalences of hypertension and DM were the same in this deceased group
when compared to the living persons: hypertension 9/18 (50%) and DM 3/18 (17%).
On the contrary, almost all patients had a history of CHD: 17/18. One male patient
had hardly any medical records in the hospital and the cause of his death remained
unknown. A coronary bypass operation had been performed in five subjects (28%),
three males and two females. A history of AMI was also more prevalent among the
deceased persons: 10/18 (56%), five out of seven males had a history of AMI as
did almost half of females: five out of eleven. In addition to CHD, cerebrovascular
diseases were more prevalent among deceased persons. Four out of 18 had a history
of suffering a brain infarct and five out of 18 had experienced a TIA attack. Thus,
when combined together, nine out of these 18 individuals (50%) had suffered these
cerebrovascular diseases in their medical history when compared to five out of 37
(14%), this difference is statistically significant (p=0.007, Fisher’s exact test). The
reasons for death could not be discerned from the medical records for five of these
subjects, seven persons had died of a cardiovascular cause (two brain infarcts and
five AMI); three persons had succumbed to cancer and three persons for some other
reason.

85

5.6

The Helsinki Businessmen Study

5.6.1 The impact of midlife cholesterol value on the mortality in
old age
The baseline characteristics of the study group in midlife and in 2000 (time of the
HRQoL assessment and start of old age mortality follow-up) are shown in Table
22. During the follow-up, a duration of up to 46 years, 1 773 men (54.1%) died.
There was a graded, highly significant association between both total mortality and
the cholesterol level, so that the lowest mortality was observed in those men with
baseline cholesterol < 4.0 mmol/L (Figure 10). Similarly, there was a decline in
the age-adjusted life-years gained and this decreased consistently with increasing
baseline cholesterol, such that there was an average a 5.5 year difference between
the lowest and highest baseline cholesterol group (Figure 11).
5.6.2 The impact of cholesterol value measured in old age and statin
use on mortality
The association between the cholesterol level measured in old age and subsequent
mortality was different. Between the years 2000 and 2010, 575 men died (31.5%),
and in those with self-reported cholesterol levels 384 men (29.7%) died. There was
no relationship between the cholesterol level and mortality (P=0.74).
In 2000, 277 men (16% of respondents) men reported using cholesterollowering medication (mostly statins) and 84 of them (30.3%) died during followup through January 2010. The age-adjusted mortality among drug users was not
significantly different from that of non-users (HR 0.87, 95% CI 0.69–1.09; P=0.23).
Since long-term hypercholesterolemia and comorbidity were more prevalent
among statin users, it was decided to further adjust the analyses for the cholesterol
level during the 1960`s, and the self-rated health in 2000. After these adjustments,
statin use was associated with a significant 26.5% lower mortality (HR 0.74, 95%
CI 0.57–0.94; P=0.02).
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Table 22. Comparison of the study cohort in midlife and in old age.
Variable

Midlife 1964–1973, n=3277

Old age in 2000, n=1820

Age, yr, median (IQ range)

42 (38–45)

74 (70–76)

Body mass index, kg/m2

25.7 (24.0–27.5)

25.5 (23.6–27.5)*

Blood pressure, mm Hg
Systolic

135 (125–140)

NA

Diastolic

85 (80–90)

NA

Cholesterol, mmol/L, median (IQ range)

6.5 (5.8–7.3)

5.2 (4.6–5.9)*

<4.0, mean (n)

3.7 (22)

3.6 (127)

4.1–5.0

4.7 (202)

4.6 (442)

5.1–6.0

5.6 (803)

5.5 (478)

6.1–7.0

6,5 (1170)

6.5 (204)

7.1–8.0

7.5 (720)

7.6 (41)

8.1–9.0

8.4 (255)

..

>9.0

9.8 (105)

..

One–hour glucose, mmol/L, median (IQ
range)**

NA
6.0 (4.9–7.4)

Triglycerides, mmol/L, median (IQ range)+ 1.3 (1.0–1.8)

NA

Smokers, %

9*

41*

* Based on self–report
** Measured in 2750 men
+ Measured in 1415 men

To convert cholesterol from mmol/L to mg/dL multiply by 38.6, glucose from
mmol/L to mg/dL multiply by 18.0, and triglycerides from mmol/L to mg/dL by
88.5. (Published by permission of Elsevier)
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Figure 10. Survival according to the baseline midlife cholesterol group. Survival curves
of all seven baseline cholesterol groups (n=3277): I= <4.0 mmol/L (n= 22)(light green),
II=4.1–5.0 mmol/L (n=202)(black), III = 5.1–6.0 mmol/L (n=803)(dark green), IV=6.1–7.0
mmol/L (n=1170)(purple), V=7.1–8.0 mmol/L (n=720)(blue), VI=8.1–9.0 mmol/L (n=255)
(yellow), VII= >9.0 mmol/L (n=105)(red). (Published by permission of Elsevier)

Figure 11. Age-adjusted mean life years gained according to the baseline cholesterol group i.e. subdivided into seven subgroups: < 4 mmol/L, 4.1–5.0 mmol/L, 5.1–6.0
mmol/L; 6.1–7.0 mmol/L, 7.1–8.0 mmol/L, 8.1–9.0 mmol/L, > 9 mmol/L. (Published by
permission of Elsevier)
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5.6.3 The effect of midlife cholesterol value on HRQoL in old age
In the 2000 questionnaire survey, the response rate was 80.7% overall, 94.4% in the
lowest cholesterol group vs. 79.4%–82.6% in the other groups. In the assessment
of HRQoL, detailed and age-adjusted RAND-36 scores in old age subdivided
according to the various cholesterol groups at midlife are shown in Fig. 12. The
mean scores showed a graded distribution being higher in those with the lowest
serum cholesterol levels at midlife, but the global difference between cholesterol
groups was significant only for the physical functioning score (P=0.03). It is
important to note that a low cholesterol level was in no way associated with poorer
scores in the components of RAND-36 which assesses mental function.

Figure 12. Baseline cholesterol and health-related quality of life (RAND-36, adjusted
for age, baseline BMI, and smoking) in old age in 2000. Scales denote: physical function [PF], role physical [RP], bodily pain [BP], general health [GH], vitality [VT], social
function [SF], role emotional [RE], and mental health [MH]. See table 2, page 55. Baseline cholesterol group: 1=< 4 mmol/L, 2= 4.1–5.0 mmol/L, 3= 5.1–6.0 mmol/L, 4= 6.1–7.0
mmol/L, 5= 7.1–8.0 mmol/L, 6= 8.1–9.0 mmol/L, 7= >9.0 mmol/L. (Published by permission of Elsevier)
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6

Discussion

6.1

FH patients: general

The ratio of females to males was 2.70; this figure is very similar to the value of
the aged Japanese FH patients reported in article by Murano et al. Those patients
were over 70 years of age and the ratio of females to males was 2.40. In their small
group of older FH patients (n = 17), the prevalences of hypertension (52.9%) and
diabetes (5.9%) were very similar when compared to our older group but in these
Japanese FH patients, the prevalence of CHD was not as common: less than half
(6/17) of those individuals had been diagnosed as having CHD compared to three
out of four in this study group.
Males were not as obese as females, their systolic pressure was lower and
their lipid values were better. This result is expected because those men with a
less favourable risk factor profile had presumably died. It seems obvious that
persons with unknown protecting genetic factors had survived and presumably
they possessed also protecting genetic or environmental factors. Almost all of these
men (nine out of 10) reported exercising regularly, at least three times a week,
and they had been physically active for their whole life. All of the males had been
diagnosed with CHD, but one out of every three females was free from CHD or
any other cardiovascular disease. The only statin non-user was one of them; she
did not suffer from CHD. Thus it is possible to survive to old age with FH without
suffering from cardiovascular diseases at least if one is a woman. On the other
hand, the vast majority of the subjects had been using continuous statin medication
(with one exception) for approximately 15 years and it is likely that without this
therapy many of them would not have survived into old age. The prevalences of
hypertension, diabetes and cerebrovascular diseases in FH older persons were
very similar in comparison with the control population in the Health 2000 Survey
Examination, although the prevalences of CHD and AMI were higher.
Six persons of the original group were not included in this study: two persons
could not be contacted, two were excluded because they were in long-term care and
two refused to provide their consent. They were one male, five females and their
mean age was 71.5 years. Four out of the six were CHD patients and according
to their medical records all of them had been using statins. Thus they were very
similar to the patients who were included in the study.
It is not surprising that almost all of those in the original group of 63 persons
identified in the early 1990`s, who had deceased, had been diagnosed with CHD.
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It was striking that half of them (nine out of 18) had a history of cerebrovascular
diseases. However, this is in line with the study of Kaste dating from the 1970`s
and 80`s, when there was no efficacious treatment available. The total cholesterol
level before statin therapy was higher in those subjects who had died in comparison
to the survivors.
6.2

HRQoL

The main finding in FH study was that older FH patients had very similar HRQoL
to their age-standardized controls in the general population. HRQoL was assessed
with two validated instruments (RAND-36 and 15D) but they both revealed the
same result. Adjustments for multiple testing in RAND-36 were not performed
and therefore, the difference where p values were close 0.05 need to be interpreted
cautiously. This finding was somewhat surprising, because FH patients suffered
from cardiovascular morbidity and had a low socioeconomic status.
The working hypothesis was that the HRQoL in our older FH persons would
presumably be lower than the HRQoL of the general population, because of the
deleterious effects of long-term hypercholesterolemia. In several studies which
have evaluated CHD patients, it has been shown that female patients experience
poorer HRQoL than males (Brezinka et al. 1996, Soto et al. 2005, van Jaarsveld
et al. 2002, Westin et al. 1999). In general, patients who were older, female, had a
low level of education, were not living with a partner and had at least one comorbid
condition, have reported the poorest level of quality of life (Sprangers et al. 2000).
Our patients were mostly females with little schooling and most of them had been
diagnosed with CHD. Nonetheless, it seems that the impact of CHD on perceived
health may not be so pronounced in older people as it is in younger individuals
(Brown et al. 1998, Soto et al. 2004). Comorbidity is more common with advancing
age and these individuals may have adapted to their condition. Furthermore, older
patients have fewer expectations than their younger counterparts.
It can be speculated that there may be two possible explanations for this
result. First, in the Businessmen cohort, a higher cholesterol level in midlife was
associated with poorer HRQoL in old age (Strandberg et al. 2004, present results),
but in contrast, these FH patients had been using statins for 15 years and in this way
had counteracted the adverse effects of hypercholesterolemia. Second, the result
may be due to the “healthy survivor” effect. Those individuals who survive into
old age with such a heavy genetic burden, such as FH, possibly have some other
positive genetic and environmental protecting factors. These patients adhered to
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a healthy lifestyle: there was only one current smoker, and eight former smokers.
They were physically active: two out of three reported exercising at least three
times a week for 30 minutes or more.
In the study with non-FH patients, i.e. healthy businessmen at midlife, the
HRQoL in old age was examined in relation to the baseline cholesterol value
divided into 1 mmol/L segments. In the earlier report of this group (Strandberg el al.
2004), the physical component score (PCS) and mental component score (MCS) of
RAND-36 were reported. The PCS was significantly better in the lowest cholesterol
group (< 5 mmol/L) in comparison with all other cholesterol groups (52.3 vs 45.5, P
= 0.02) whereas the MCS was similar (52.3 vs 52.9, P = 0.51). In this present study,
detailed and adjusted scores in eight different domains are reported and scores
through the range of the lowest (< 4 mmol/L) to the highest (> 9 mmol/L) value
are compared. It was striking that the mean scores were systematically highest in
the lowest cholesterol group, but statistical significance was achieved only in the
physical functioning (PF). The PF score of this instrument has been shown to be
a valid measure of mobility-disability in epidemiological studies of older people
(Syddall et al. 2009). On the other hand, despite concerns that the opposite might
be true (Äijänseppä et al. 2002), it was reassuring that mental functioning was not
poorer in those individuals with lower cholesterol values.
6.3

Brain MRI

Larger WMHIs were detected in 30% of our cohort of FH individuals aged 65
to 74 years. This proportion was rather similar to that found in middle-aged FHNK patients with CHD (26%) and in healthy, middle-aged controls (21%). The
total number of WMHIs and the number of peripheral WMHIs were slightly, but
not significantly, greater in this younger group of older individuals compared with
middle-aged FH patients with CHD, but no differences were seen in comparison
with healthy, middle-aged controls. Furthermore, there were no significant
differences detected in the adjusted analyses (hypertension, cerebrovascular
disease, current smoking, BMI, and sex). These findings are interesting because
this younger group of our older individuals were approximately 13 years older
than the middle-aged FH and healthy control subjects (69 versus 56 years), and
age alone is a strong predictor of WMHIs (Longstreth et al. 1996, de Leeuw et al.
2001, Liao et al. 1997). Furthermore, the number of WMHIs is known to correlate
with established cardiovascular risk factors such as arterial hypertension, smoking,
DM and hypercholesterolemia (Dufouil et al. 2001, Longstreth et al. 1996, Liao et
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al. 1997, Murray et al. 2005, Breteler et al. 1994). Most of these older FH patients
were coronary patients and half of them had hypertension. Due to the presence
of the cardiovascular diseases and other risk factors, one would have expected to
detect larger amounts of WMHIs.
In addition, only two (6%) of these older FH patients displayed silent brain
infarcts as revealed by MRI. In the previous study of middle-aged FH patients
with CHD, no silent brain infarcts could be found (Soljanlahti et al. 2007). If all
of the brain infarcts visualized by MRI are taken account, the prevalence of brain
infarcts in the present study was 18% (6/33) in this high risk group of subjects
aged 65 to 84 years. The prevalence of silent brain infarcts in this study is similar
to that in the population-based Rotterdam Study (n = 2000, age range 45.7 – 96.7
years), where the mean age was lower (63.3 years) and asymptomatic brain infarcts
were present in 7.2% in the whole group (Vernooij et al. 2007). The prevalence
of asymptomatic brain infarcts was 6.8% in the age group of 60 to 74 years; this
prevalence is similar to that in our patients aged 65 to 84 years. In the Rotterdam
Scan Study, which was a population-based prospective cohort study of 1077 older
individuals with a mean age of 72 years (range 60 to 90 years), the prevalence of
silent brain infarcts was 21% at baseline (Vermeer et al. 2003). The mean age was
similar to that in the present study, but the prevalence of silent brain infarcts was
higher. In the Rotterdam Scan Study the prevalence of silent brain infarct was only
8% in the lowest age group 60 to 64 years; this number is comparable to the present
results. In a Finnish study examining neurologically non-diseased older people (n =
128, aged 55 to 85 years), the prevalence of silent brain infarcts was 15.6% in the
whole group (Ylikoski et al. 1995). In the young-old group (< 75 years, n = 76), the
prevalence of silent brain infarct was 9.2% and in the old-old group (> 75 years,
n = 52) it had risen to 25.0%. The SMART Study consisted of a group of patients
(n = 308) with all having cardiovascular disease, mean age 58.4 years, males 84%
(Giele et al. 2004). In this high-risk group, the prevalence of silent brain infarct
was 17%. In conclusion, the prevalence of silent brain infarcts in this study group
was comparable with the mean of population-based cohorts in the age group 60 to
65 years.
What are the reasons for this lower prevalence of silent brain infarcts and
similar amount of WMHIs in the younger group (65 to 74 years) of older FH
subjecs when compared to middle-aged, healthy controls and middle-aged FH
subjects with CHD? While a healthy lifestyle and “healthy survivor”- effect are
possible explanations, also long-standing statin therapy might have contributed to
this phenomenon. In a subset of participants of the Cardiovascular Health Study
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(Bernick et al. 2005) who underwent serial brain MRI scans separated by five
years, there was a fourfold increase in the individuals with silent infarcts seen in
the treatment-recommended group compared with the statin-treated group.
6.4

Cognition

The aged FH patients had better episodic memory as assessed with the CERAD
WLL trials and WLDR compared with the age-matched population controls. Since
previous studies have shown that WLDR is the best and WLL trials among the best
discriminator tests between presymptomatic AD and cognitively normal controls
(Welsh et al. 1992, Chen et al. 2000, Paajanen et al. 2010), these results suggest
that the prevalence of presymptomatic AD may be reduced in aged FH patients in
comparison with population controls.
Once again, it can be speculated that one possibility for this favorable outcome
in episodic memory is a “healthy survivor”-effect. Two out of every three subjects
reported exercising at least three times a week. Regular exercise in midlife has been
reported to reduce the odds of suffering dementia in old age (Andel et al. 2008).
Unfortunately, comparison of FH patients with population-based controls was not
possible in this respect. Second, the FH patients of the present study had been using
statin therapy for approximately 15 years (range 11 – 18 years), since most of these
individuals had started taking this medication by special dispensation before statins
were approved for clinical use. The mean age of statin therapy initiation was 57
years and by that point most of these FH patients with CHD (20/27) had already
been diagnosed with the disease.
Numerous studies have examined the role of statins in the prevention of
dementia but there have been conflicting results. There are several studies pointing
to a positive result (Rockwood et al. 2002, Cramer et al. 2008, Haag et al. 2009,
Li et al. 2010) but also many studies which have not detected any effect (Li et al.
2004, Zandi et al. 2005, Rea et al. 2005). Two prospective, large cohort studies have
not supported the proposal that statins possess protective properties for cognition
(Shepherd et al. 2002, Heart Protection Study Collaborative Group, 2002), but
these studies were not designed to study cognitive outcome. In one of the latest
studies (Li et al 2010), which had an average more than 6.1 years of follow-up of
3 099 participants, 263 participants developed probable AD. The adjusted hazard
ratio (aHR) for AD in the statin users was 0.62 (95% CI 0.40–0.97) in models
which included demographic characteristics and vascular risk factors as covariates.
The strength of the association between statins and AD seemed to diminish with
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age; the aHR was 0.44 (95% CI 0.25–0.78) in those younger than 80 years versus
1.22 (95% CI 0.61–2.42) for aged 80 and older (Li et al. 2010). It was concluded
that statin therapy in early old age, but not in late old age, may be associated with
a lower risk of AD. The study of Rockwood supports this proposal (Rockwood
et al. 2002). The mean age at study entry was 75 years in those studies where no
association between statin use and AD risk has been observed (Li et al. 2004, Zandi
et al. 2005, Rea et al. 2005). Alzheimer`s disease has a long preclinical stage and
statin exposure may need to be initiated earlier if it is to have any positive impact
on cognition. If there is already full-blown Alzheimer`s disease, it may well be that
statin therapy no longer has any positive effect (McGuinness et al. 2010). Patients
in this present study were in their late middle-age when they initiated statin therapy.
Another important issue is the duratioh of statin therapy. Usually in many of
these kind of studies, the duration of statin therapy has been for around three to five
years. The present FH older patient group is a very unique cohort in the sense that
they probably have been using statin therapy longer and more consistently than any
other group of subjects in the world. When statin therapy became available in the
late 1980s, FH patients were among the first users of these drugs, and given their
severe condition, they have also been highly compliant to this therapy. The impact
on cognition may also be dependent of the length of statin therapy. Thus those FH
older individuals with longer than median therapy times exhibited better results in
cognitive testing.
It was unfortunate that only a few CERAD subtests (Verbal Fluency, WLL,
three trials, WLDR, Savings) were included in the National Health 2000 Health
Examination Survey. Therefore we were not able to compare the results to the
CERAD total score. On the other hand, based on the results of AddNeuroMed
Study, the investigators stated that the CERAD total score was found to be a highly
accurate measure in discriminating between healthy, older subjects and subjects
with MCI. In the whole study population, the discriminative accuracy of the total
score was superior to that of MMSE, or any other CERAD subtest alone, with the
exception of WLL and recall tasks (Paajanen et al. 2010). Thus, it can be concluded
that these measures are very sensitive and accurate methods.
6.5

Long-term effects of cholesterol value in non-FH group

Our results show that being in the group with the lowest cholesterol (<4 mmol/L)
level at midlife in initially healthy businessmen was associated with longer
survival. In the earlier report from this study cohort (Strandberg et al. 2004), when
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the lowest cholesterol group (< 5 mmol/L) was split in half (< 4.7 mmol/L, n=114
and 4.7 to 5.0 mmol/L, n=110) there seemed to be no further reduction of mortality
risk (mortality 27.2% vs 24.5%, respectively, P = 0.76) i.e. evidence for a J-shaped
relationship between the cholesterol level and mortality. In contrast, this extended
follow-up found no evidence for a J-shape; in fact, there was a steady, graded
relationship between life-years gained and baseline cholesterol value. As far as we
are aware, this is one of the longest follow-up studies to have examined the impact
of the cholesterol level at midlife on subsequent mortality.
The loss of function mutation R46L in the proprotein convertase subtilisin/
kexin type 9 (PCSK9) gene has been associated with a reduction of 12% to 15 % in
mean LDL cholesterol but the reduction in the risk of CHD has ranged from 28%
to 47% in different studies (Cohen et al. 2006, Benn et al. 2010). This larger than
expected reduction in the occurrence of CHD is believed to be one consequence
of a lifelong reduction of LDL levels, which confers greater benefit than can be
achieved by a similar reduction in later life. This proposal is in line with the results
of this study, although the presence of the PCSK9 mutation was not examined in
the Businessmen Study.
Recent research has shown that a life-long low cholesterol level is independently
related to longer telomeres and smaller proportion of short telomeres – markers of
slower biological aging (Strandberg et al. 2011). That study examined these same
businessmen, a random sample of 436 men with leukocyte telomere length (LTL)
measurement and without cholesterol-lowering medication in 2002–2003. If one
takes serum cholesterol 5.0 mmol/L as a cutoff point at midlife and old age, then the
men could be divided into 4 groups: low-low( n=35), low-high (n=19), high-high
(n=254) and high-low (n=128). The shortest telomeres were found in those men
with a high cholesterol level at midlife, but a low cholesterol level in their old age.
In old age, the association between cholesterol levels and subsequent mortality
was no longer observed. Most of these men (70.8% of respondents in 2000) reported
their cholesterol value in 2000 and after a follow-up of nine years (January 2010)
there tended to be an inverse relationship between plasma cholesterol level and
mortality though this was not statistically significant. In the earlier report from
this study cohort (Strandberg et al. 2004) it was demonstrated that what seem to
be quite normal cholesterol levels in old age may have been substantially elevated
in the same individuals at midlife. The baseline differences in cholesterol values
had been sustained over the years, but the values had markedly declined, except in
the lowest baseline group.Thus, the cholesterol level which can be measured in old
age does not necessarily represent lifetime exposure. In a community-based study
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with follow-up of 917 persons (aged 50 to 93 years in baseline) for eight years,
it was shown that total cholesterol, LDL-cholesterol and HDL-cholesterol levels
decreased with advancing age (Ferrara et al. 1997). In the nine-year follow-up of
the Helsinki Aging Study, those persons who had low cholesterol synthesis and
reduced cholesterol absorption had the greatest mortality risk implying that the low
cholesterol levels had been a consequence of other diseases or simply frailty (Tilvis
et al. 2001). In another study based on the same subjects, it was concluded that
reduced synthesis and absorption of cholesterol, as well as a low serum cholesterol
level were associated with deteriorating health and seemed to reflect impaired
survival in old age (Tilvis et al. 2011). Furthermore, it has been shown in several
longitudinal studies that cholesterol levels in those individuals who subsequently
develop AD, had declined many years before the clinical diagnosis of dementia
(Stewart et al. 2007, Notkola et al. 1998, Solomon et al. 2007). Thus, the association
of cholesterol level in old age and mortality is a complex entity, influenced by many
confounding factors (Kaplan et al. 1999).
The age-adjusted mortality among statin-users was also evaluated and compared
with non-users. When the baseline cholesterol value during the 1960s and selfrated health in 2000 were taken into account, then statin use was associated with a
significantly 26.5% lower mortality. It has been claimed that selective prescribing
leads to overestimation of the benefits of lipid-lowering drugs, and that frailty and
comorbidities predicted decreased use of these drugs (Glynn et al. 2006). In the
present study, population were all men from the highest social class who were
living at home, a very homogenous population. In these subjects, statin use was
associated with higher comorbidity (as well as with higher life-long cholesterol
levels) but when these factors were accounted for in the analyses (Charlson et al.
1987), then statin users had lower follow-up mortality.
6.6

Limitations

There are several limitations to this study. First, the sample size in the FH group
was admittedly small. However, the study was comprehensive; it included 86%
(37/43) of the older FH cohort carrying the same mutation, FH-NK, living in this
unique area, where this founder mutation accounts for 84% of FH cases. Without
doubt, these patients are true FH patients and represent population-based sample of
FH patients in this area. This patient group was similar in many social aspects, i.e.
they all shared low education and low social class. However, a small study group
leads to difficulties in the statistical analyses, associations may be due to chance
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and power calculations may be difficult to perform adequately. The simple fact is
that there were no more patients available.
Second, there was not a pre-defined control group for the FH patients. It was
concluded that if the control group were taken from an earlier studied populationbased group, there would be less room for bias. In studies examining the HRQoL of
these patients, in comparison with RAND-36, previously collected and published
population reference values were used (Aalto et al. 1999). In comparison with 15D,
control patients were selected from the National Health 2000 Examination Survey
in the same age range of the FH patients and weighted to correspond to the age
structure of the patients. Both instruments revealed the same results, evidence in
favour that this is a true result, not an artefact.
It was particularly difficult to find a control group for these FH older patients
in the study using brain MRI. A group of middle-aged, FH patients with the same
FH-NK mutation and CHD had been examined one year earlier and compared with
age- and sex-standardized group of healthy volunteers. The brain MRI scans of
these separate studies were assessed by the same radiologists and the ratings were
performed in exactly the same manner in both studies. Thus, the results are truly
comparable.
The controls in the CERAD test battery were from the National Health 2000
Health Examination Survey, which was conducted a few years previously, and hence
the control group was not examined at the same time and by the same investigator.
This might be seen as a major limitation. However, the controls represented the
normal population and lived in the same geographical area. They were age-matched
individuals sharing a similar environment. Moreover, the CERAD test battery is
straightforward to score and it is known to display substantial interrater agreement
(Welsh et al. 1992, Morris et al. 1989).
Third, in a relatively small study group, selective dropouts can have an impact
on the results, for example non-attenders may be more likely to have dementia.
Two aged FH patients in long-term care were excluded, but similarly, in the control
group there were 11 persons who were in long-term institutional care and who were
also excluded. Therefore a “worst-case scenario” was performed with information
added on the four missing patients with the assumption that these patients would
have worst possible cognitive outcome. Even with this assumption, the ORs to be in
the top tertile of the WLL, 3. trial and WLDR subtests remained significant. There
may be some other unknown factors which were not accounted for in the analysis.
These preliminary results must be interpreted with caution and they will need
prospective confirmation in larger FH patient groups and in the normal population.
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There are some obvious limitations also in the Helsinki Businessmen study.
The number of participants was not particularly large, and the cohort consists of
Caucasian men of high socioeconomic status, limiting the generalizability and thus
extrapolation of the results to the general population should be done cautiously.
Low cholesterol values at baseline were a natural phenomenon, not due to drug
treatment and the proportion of men with low cholesterol levels (< 5 mmol/L) was
relatively small, reflecting generally high cholesterol levels in Finland during the
1960`s. Only one measured baseline serum cholesterol value was available and
this can also seen as a limitation. Finally, the cholesterol value in 2000 was based
on self-report by the participants. On the other hand, in a large proportion of these
men, the cholesterol value was actually measured in 2002–2003 and these two sets
of values were significantly correlated.
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Conclusions
1. Despite their high cardiovascular morbidity and low socioeconomic status,
older persons with FH-North Karelia mutation and long-term statin medication
(mean for 15 years) shared similar HRQoL values as the age-standardized
controls in the general population.
2. The Physical functioning score of RAND-36 instrument measuring HRQoL
in old age in a group of initially healthy businessmen was significantly higher
among those men with the lowest serum cholesterol (< 4 mmol/L) level at
midlife. Low cholesterol was not associated in any way with poorer scores for
the scales of RAND-36 assessing mental function.
3. The prevalence of silent brain infarcts detected in brain MRI in older, statintreated FH persons, was comparable with that of population-based cohorts
with mean age of 60 to 65 years.
4. The amount of large (> 5 mm diameter) WMHIs among FH older patients aged
65 to 75 years was similar to those of healthy, middle-aged controls, who were
13 years younger.
5. The episodic memory of older FH patients with long-term statin therapy
assessed by WLL and WLDR subtests of CERAD neuropsychological battery
was better than that of age- and gender-standardized population controls, and
there was a “dose-response” with respect to duration of statin therapy.
6. There was a graded, highly significant association between total mortality and
plasma cholesterol concentration measured at midlife in a group of initially
healthy businessmen with follow-up of up to 46 years. The lowest mortality
was observed in those men with baseline cholesterol value < 4 mmol/L.
7. When the cholesterol value was measured in old age, it did not exhibit any
relationship with subsequent mortality. However, cholesterol lowering with
statin treatment seemed to be beneficial also in old age.
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