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Abstract

People aged 80 or older are the fastest growing population in high-income countries. One of the most common causes of
death among the elderly is the cardiovascular disease (CVD). Lipid-lowering treatment is common, e.g one-third of 75-84-
year-old Swedes are treated with statins [3]. The assumption that hypercholesterolaemia is a risk factor at the highest ages
seems to be based on extrapolation from younger adults. A review of observational studies shows a trend where all-cause
mortality was highest when total cholesterol (TC) was lowest (‘a reverse J-shaped’ association between TC and all-cause
mortality). Low TC (<5.5 mmol/l) is associated with the highest mortality rate in 80+-year olds. No clear optimal level of
TC was identified. A review of the few randomised controlled trials including 80+-year olds did not provide evidence of an
effect of lipid-lowering treatment on total mortality in 80+-year-old people. There is not sufficient data to recommend any-
thing regarding initiation or continuation of lipid-lowering treatment for the population aged 80+, with known CVD, and it

is even possible that statins may increase all-cause mortality in this group of elderly individuals without CVD.
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Introduction

The fastest growing part of the population in high-income
countries is people aged 80 or older. In Japan, the prob-
ability of living from 80 to 90 now exceeds 50% for
women [1]. One of the most common causes of death
among the eldetly is cardiovascular disease (CVD), and a
common general assumption is that different CVD risk
factors (hypertension, smoking, diabetes, BMI, hypercholes-
terolaemia) remain risk factors at the highest ages. For
hypertension, this assumption was confirmed by the
HYVET study, which showed better survival when treated
with anti-hypertensive drugs in the eldetly [2].

High cholesterol is a well-documented risk factor among
middle-aged and ‘young elderly’ (people aged 60-70), and
statins (lipid-lowering treatment) are one of the most
common prescription drugs in high-income countries.
One-third of people aged 75-84 are treated with statins in

674

the Swedish population [3], and there is no reason to
believe that this prevalence of statin treatment should be
much different in other high-income countries. Within a
few years, the ‘young clderly’ patients treated with statins
will belong to the population of 80+-year olds, and a key
question is whether they should continue the lipid-lowering
treatment at the highest ages and whether treatment should
be initiated among 80+-year olds.

The association between total cholesterol (TC) and mor-
tality among people aged 65 and above has previously been
reviewed [4-7]. Although few studies in these reviews
included participants older than 80 years, they concluded
that high-risk eldetly should be treated with statins [4-7]. A
meta-analysis based on observational studies included 70—
89-year-old participants, focused as the previous reviews on
CVD mortality, found low TC associated with a low ischae-
mic heart disease mortality and a high non-vascular
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mortality, but no association with total mortality was
described [8]. In 2004, Anum and Adera reviewed observa-
tional studies regarding the association between TC and
coronary heart disease (CHD) mortality in persons aged 65
and above. A positive association between TC and CHD
mortality was found in men, but no association with all-
cause mortality was found in either gender [9]. A possible
inverse relationship between TC and all-cause mortality in
80+-year-old men was suggested, but only three studies
regarding the 80-+-year olds and all-cause mortality were
included in this review [9].

Among 80+-year olds, the cause of death is less certain
than among middle-aged and young eldetly, due to mult-
morbidity. Therefore, the focus of this review of 80+-year
olds is total mortality. CVD mortality is less reliably
measured than total mortality, and although CVD mortality
is the most common cause of death in this age group, it is
expected to be detectable in total mortality, if any associ-
ation between TC and CVD mortality is present. A new
review with focus on all-cause mortality’s association with
TC among 80+-year olds is needed.

The aim of this review of recent studies was to shed
light on the following questions.

(1) What is the optimal level of cholesterol in the 80+-year
olds for total mortality?

(2) Should lipid-lowering treatment among 80+-year-old
patients be initiated and continued?

What is the optimal level of cholesterol in
the 80+-year-olds for total mortality?

To answer this question, we included observational studies
based on the search strategy described in Figure 1.

TC and total mortality

A total of 12 articles regarding TC and all-cause mortality
were included. This corresponded to 13,622 participants:
3,789 aged 80 and above in eight studies [10-17] and 9,833
aged 71-103 (mean age 78 years) in four studies (the exact
number of 80+-year-olds was not given) [18-21] (Table 1).
Figure 2, showing the relation between TC and total
mortality, was drawn on the basis of nine studies. The three
studies not included did not report specific calculations of
the total mortality risk in relation to the TC in the 80
+-year-old participants in their studies [12, 18, 21]. The
association between TC and total mortality was not simple
and was further complicated by different effect measures
used in the studies: death proportion ratio, mortality rate
ratio or death/100 person-years, tespectively [10, 11, 13-17,
19, 20]. The association could prevailingly be described as
‘a reverse J-shaped’ association, where low TC was associ-
ated with the highest total mortality in the population of 80
+-year olds. Most of the observational studies found this
trend of association, whereas a few found a U-shaped
association, where high TC was associated with increasing

This review was based on observational follow-up studies and RCTs published since

January 1994 as well as frequently cited and influential older publications and the most recent reviews and meta-
analyses. In PubMed, we searched for studies with the key words: cholesterol, mortality and the age limit: 80
years or older. The languages selected were English, German, Norwegian, Swedish and Danish. The last search
in PubMed, was made on 18 August 2009. This search gave 571 hits. As a supplement, the reference lists of all
articles were searched for further studies of apparent interest and relevance, and 98 were found. Observational
studies were included when: at least one measurement of TC and mortality was registered. The

primary endpoint in the relevant prospective studies was mortality, total mortality and cause-specific mortality
when available. We included only studies where participants B0 years or older were possible to separate from
younger participants. Studies with at least 50 participants and no less than 2 years of follow-up were included. A
total of 19 prospective observational studies were included in this review. RCTs and observational treatment
studies were included when intervention was lipid-lowering treatment, at least one measurement of

TC, and mortality should be registered. The primary endpoint in the relevant prospective studies was

mortality; total mortality and cause-specific mortality when available. All studies where participants 80 years or
older were separated from younger participants were included in this review. While no trials fulfilled the last
inclusion criteria, studies where participants were 70 years or older and where the mean age was in the late

70s were included as well as a compromise. In total, four RCTs and two observational

treatment studies were included in this part of the review, and two of the RCTs were using identical populations in

their trials. No specific diagnosis was required and no exclusion criteria in any studies.

Figure 1. Search strategy and selection criteria.
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Table |. Observational studies

Authors, year

Number of 80+ years old

Number of years in
follow-up

Mortality/outcome

Findings

Comments

Casiglia ez a/, 1993 [10]
Clarke ez al., 2007 [22]

Corti et al,, 1995 [24]

Corti e al., 1997 [23]

Dontas ez al., 1996 [11]

Foody et al,, 2003 [12]

Jonsson ez al., 1997 [13]

Koropatnick ez al., 2008 [27]

Kronmal e al., 1993 [14]

Krumholz ef al., 1994 [18]

TLandi e# a/l., 2008

Nikkila and Heikkinen, 1990
15]

Raiha ez al., 1997 [25]

Schatz e al., 2001 [19]

Schupf ez al., 2005 [20]
Volpato e al., 2001 [21]

Weverling-Rijnsburger
ot al, 1997 [16]
Weverling-Rijnsburger ¢ al.,
2003 [17]
Zimetbaum e7 al., 1992 [26]

1,239
4066 (=71 years)
287
599
105

3,562 (71-93-year old),
mean 78 years
622

997 (71-104-year old),
mean 78/79

359

535

66

3,572 (71-93-year old),
mean 78

1,136 =75 years

4128 (70-103-year old),
mean 78.7

724

599

350 (75-85-year old),
mean 79 years

7 years
7 years

4.4 years
5 years
5 years
6 years
14 years
8 years
years

4 years

2 years
5 years

11 years
3-5 years

3 years
4.9 years

10 years
4 years

10 years

CVD and all-cause mortality
IHD mortality

CHD mortality
CHD mortality
All-cause mortality
All-cause mortality
All-cause mortality

All-cause and CVD
mortality

CHD, non-CHD and
all-cause mortality

CHD and all-cause mortality

All-cause mortality
All-cause mortality

Vascular and non-vascular
mortality
All-cause mortality

All-cause mortality
All-cause mortality

All-cause and CVD
mortality

All-cause and CVD
mortality

CVD mortality

TC negative associated with CVD and total mortality

TC not associated, but TC/HDL positively associated
with THD mortality

HDL and CHD mortality negatively associated

TC and CHD mortality positively associated
TC and all-cause mortality negatively associated

No association between elevated TC and all-cause
mortality

An inverted U-shaped association between TC and total

mortality

HDL and CVD mortality negative associated, but no
association with all-cause mortality

TC and total mortality and CHD mortality was
negatively associated

No association between TC and all-cause mortality

HDL and all-cause mortality negatively associated
J-shaped relation between TC and all-cause mortality

TC and non-vascular mortality negatively associated
TC and all-cause mortality negatively associated

TC and all-cause mortality negative associated
TC and all-cause mortality negatively associated

TC and all-cause mortality negatively associated , no
association with CVD mortality

TC and all-cause mortality negatively associated

HDL and CVD mortality negatively associated in men

Survival bias, selection
Only men included

U-shaped association between TC and
CHD mortality

After adjustment, negative association
disappeatred

Participants all entering a residential
home

Elderly survivors of AMI included

Random sample of 80+-year old in
Reykjavik
No measure of TC

From the Framingham population

No association between TC and CHD
mortality

Selective sutrvival?

Negative association between HDL and
all-cause mortality

No association between TC and vascular
mortality

Long-term low TC increased the risk of
death

Low TC a surrogate for frailty?

Adjustment for HDL and albumin
eliminated this association

1 mmol/l increase in TC reflect a 15%
mortality decrease

Low HDL a risk factor for CVD
mortality

No association in women

HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; IHD, ischaemic heart disease; AMI, acute myocardial infarction.

*|D 19 U3s433dd Y 1



Review of observational studies and RCTs on cholesterol and mortality

!

Men, Nikkils of al. fl’

!
 Woman, Nikkild of a.
P /

Tomesizng, il

Death proportion ratio
15

Casiglia ef al.

oo
2 Yo X
@ Schupt et aﬂ\ *r~ «...Dontas et al.
» \ \ s
B N N e
Z - y - I
= ek \\> ’> _— ~Waeverling-Rijnsburger et al (2003)
E Schatz et &t z 3"(..)\
= 7 = N
N “Wevering-Rinsburger et al. (1897)
- v

\Jénssnn efal

e

i Men, Kronmal ef al,

> o |

g i ~

8w s

8_ Women, Kronmal‘@?a!.\ o

T-Soaka

o

@

O AN
T T T T T T
4 S ] 7 8 9

Cholesterol (mmolf)

Figure 2. All-cause mortality and cholesterol in the elderly. At
the x-axis, the cholesterol was plotted as an exact measure of
TC (mmol/l), even though most studies had each point
responding to an interval of cholesterol, where we chose the
middle of this interval as the point to plot. In the top panel,
one study has two U-shaped plots corresponding to women
and men, respectively [15], and one study a reverse J-shaped
configuration [9]. The middle panel showed six studies: three
describing ‘a reverse J-shaped configuration’ [10, 16, 19], two
describing an almost declining curve [10, 15] and one study an
inverted U-shaped configuration [12]. The lower panel was
one study showing a fluctuating mortality in women and a
decreasing mortality when TC increased in men [14]. The
three studies not included did not report specific calculations
on the total mortality risk in relation to the TC in the 80
+-year-old participants [12, 18, 21]. Among those two studies
described, no association between TC and all-cause mortality
was found, whereas one study found the higher total mortality
related to low TC disappearing when adjusted for low HDL
and albumin among people aged 70 and above [12, 18, 21].

mortality as well [15, 17, 20]. As seen in Figure 2, five
studies found either a less steep falling gradient at the
highest level of TC or an almost flat curve, with an almost
constant level of mortality from around the intermediate
level of TC [10, 11, 14, 16, 19]. Regarding all-cause mortality
in the 80+-year olds, low TC did not seem beneficial in any
study, whereas the association with high TC seemed less
consistent in the studies, and this association could in the
majority of cases be described as ‘a reverse J-shaped’ con-
figuration, as illustrated in Figure 2. Although a general ten-
dency was that the lower level of TC (<5.5 mmol/l) was

associated with higher mortality, most of the studies
describing this shape of association found the lowest moz-
tality around TC at 6 mmol/1 [10, 15,17, 19].

One of the studies illustrated in Figure 2, in the middle
panel, found an association, whete each 1 mmol/l increase
in TC corresponded to a 15% decrease in total mortality
[16]. A single study found an inverted U-shaped association
as seen in the middle panel of Figure 2 [13]. Among the
studies not included in Figure 2, two studies found no
association between TC and all-cause mortality, while one
study found the higher total mortality related to low TC
disappearing when adjusted for low HDL and albumin
among people aged 70 and above [12, 18, 21]. The findings
might be explained by heterogeneity, i.e. some elderly have
a low TC due to chronic or terminal illness and some due
to a healthy cardiovascular health profile [13, 16, 21].

In the majority of the observational studies, a predomi-
nantly negative association between TC and all-cause mot-
tality was seen. Low TC was associated with the highest
total mortality in all the studies, and high TC varied with
either a less steep gradient, flat or an increment in total
mortality, as seen in the figure [10, 11, 14-17, 19, 20].

TC and CVD mortality

The association between TC and CVD mortality was
reported in 10 studies, as seen in Table 1. Two studies found
a positive association, whete a high TC was associated with
high CVD/ischaemic heart disease mortality in at least some
of the participants [22, 23|, whereas six studies found no
association between TC and CVD mortality [16-18, 24-20].
Two studies found a negative association where a low TC
was associated with high CVD mortality [10, 14]. One study
desctibed a similar U-shaped association between TC and
CVD mortality in 80+-year-old people [24].

With regard to CVD-specific mortality among 80
+-year-old participants, the study results vatied from
finding TC associated both positively and negatively or not
associated at all.

Fractioning the cholesterol into HDL and LDL in
the elderly

The association between HDL cholesterol and total mot-
tality was also different among the observational studies,
two found no association [18, 27|, wheteas another two
found a significant negative association, where increasing
HDL cholesterol was associated with decreasing total moz-
tality [15, 28]. A single study found a negative association
between both HDL and LDL cholesterol and total mot-
tality in old people [14].

Regarding the cause-specific mortality, one study found
low HDL cholesterol associated with increased CHD mor-
tality in people older then 70 years, whereas Krumholz
et al. did not find any association between HDL cholesterol
and CVD mortality in a smaller part of the same cohort as
included in the previous study [18, 24]. A negative
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association between HDL cholesterol and CVD mortality,
but no association with non-CVD mortality, was found in
an American study on Japanese-American men [27]. One
study found the ratio TC:HDL cholesterol to be a strong
predictor of ischaemic heart disease mortality in 80+-year
olds [22].

Conclusion

Low TC (<5.5 mmol/l) is associated with increased mot-
tality among 80+-year olds. There was no clear optimal
level of cholesterol in 80+-yeat-old people. Some studies
found the intermediate level of the cholesterol (around 6
mmol/l) to be associated with the lowest mortality, but this
was not consistent (Figure 2). Few data on TC and mot-
tality are available on 80+-year olds.

Should we initiate and continue
lipid-lowering treatment among 80+-year
olds?

To answer this question, we included treatment studies,
both randomised controlled trials and observational studies
based on the search strategy described in Figure 1. For
80+-year olds, data were not available that allowed consid-
ering the different effect of statin therapy in the primary
and secondary prevention.

None of the randomised clinical trials (RCTs) comple-
tely fulfilled the inclusion criteria, regarding separating
80+-year olds from the younger participants, as seen in
Table 2. The four trials included 13,674 persons 70-82
years old, and the observational treatment studies included
12,231 participants aged 80 or above. The randomised
trials and the observational treatment studies included risk
or high-risk populations regarding CVD, either known
CVD, systolic heart failure or diabetes [29-32]. No RCT
included participants without any risk factors regarding
CVD and all the trials had younger participants included
(Table 2).

Two trials found no association between statin allocation
and all-cause mortality [31, 32], whereas two different trials
of the same study population found a reduction in all-cause
mortality when allocated to statin treatment compared with
placebo [29, 30]. Two trials found a significant reduction in
the number of CVD events (approximately 25%) when pat-
ticipants were allocated to statins, but Shepherd e7 a/. found
no difference in all-cause mortality among 70-82-year olds
treated with pravastatin compared with placebo [29, 32].
One study could not exclude that the use of statins in the
elderly in the primary preventon of CVD could be
harmful and, at best, could result in a change in the type of
mortality from CVD to cancer, even though total mortality
was unchanged [32]. Kjekshus ez a/. [31] found no differ-
ence in the all-cause mortality or CVD outcome between
patients with known systolic heart failure treated with either
rosuvastatin  or placebo. Two observational treatment
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Table 2. Randomised clinical trials and observational treatment studies

Comments

Findings

Mortality/ outcome

Number of years in

Number of 80+ yeats old

Authors, year, design

follow-up

Mortality after discharge

No association between statin discharge and all-cause

All-cause mortality

3 years

8,452

Foody ez al., 2006 [33], observational

diagnosis AMI
Participants had diabetes or

mortality

study
Heart Protection Study Collaborative

Statin allocation reduced vasculat, all-cause but not

Total, vascular and

5 years

5,806 (70-80-year olds)

vascular disease

non-vascular mortality significant
No difference in total and CVD mortality in the statin

non-vascular mortality
Total and CVD mortality

Group, 2005 [30], RCT®
Kjekshus, 2007 [31], RCT

Participants had known

3 years

2,064 (=75-year olds)

systolic heart failure

and placebo groups
Statin allocation reduced CVD and all-cause mortality

Participants had diabetes or

Total and CVD mortality

5 years

5,806 (70-80-year olds), 1,263

MRC/BHE, 2002 [29], RCT*

vascular disease
Mortality after discharge

among 70+-year old significant

(75-80-year olds)

3,779

Positive association between statin discharge and

All-cause mortality

3 years

Shah ez al., 2008 [34], observational

diagnosis HF

all-cause mortality

study
Shepherd ez al., 2002 [32], RCT

High-risk participants

Statin allocation not associated with all-cause mortality

Total and CHD mortality

3.2 years

5,804 (70—82-year olds), mean

but positively with CHD mortality

75 years

RCT, randomised clinical trial; AMI, acute myocardial infarction; HE, heart failure.

*Same study population.
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studies found statin treatment associated with a reduction
in all-cause mortality in heart failure patients aged 85 or
above, but no changes in all-cause mortality in post-AMI
patients 80+ years old, respectively [33, 34].

Conclusion

No RCT had demonstrated an effect of cholesterol-
lowering treatment on total mortality for 80+-year-old
people. There was no trial evidence that statins decrease all-
cause mortality in eldetly people without known vascular
disease, on the contrary, it was even possible that statins
increased all-cause mortality in this group as desctibed by
Goldstein e al. [35] The participants in the trials included
were 70+-year-olds, all had some kind of CVD risk and
probably few were 80+ years old. Currently, it is not clear if
or when initiation and continuation of lipid-lowering treat-
ment in the 80+-year-old people should be done. Two
trials found it beneficial to the CVD mortality to be allo-
cated to statins among 70-80-year olds, whereas two trials
found no difference in all-cause mortality in the statin and
placebo allocated, respectively. Similar results were found in
the secondary analysis of the JUPITER study, where treat-
ment with the potent rosuvastatin did not have any effect
on total mortality in people 70 years or older [30]. In the
PROSPER study, only eldetly who were carriers of the
KIF6 719Arg variant and with prior vascular disease had
significant benefit from pravastatin therapy [37]. The exist-
ing data were not sufficient to recommend anything regard-
ing lipid-lowering treatment for the population aged 80+.

Optimal level of cholesterol and
recommendation for lipid-lowering
treatment at the highest ages

A large proportion of eldetly patients are treated with
lipid-lowering drugs, many of those will enter their ninth
decade using lipid-lowering drugs, which raises a number
of questions. First, it is important that the medication is
both safe and beneficial to the patient (evidence-based
medicine). Second, we shall be aware of the potential com-
pliance problems where the old patients choose to stop
taking medication due to ‘polypharmacy’. Third, there is an
economic aspect, with regard to both society and the old
patient. Still, it is unclear whether elderly patients should be
treated for the trest of their lives when started lipid-lowering
therapy or whether the treatment has different limits at old
ages.

Other still open questions are whether it is reasonable
to generalise from younger cohorts in their 60s or 70s to
the 80+-year olds and whether the new cohorts of 80
+-year olds are biologically different (younger) than pre-
vious cohorts of 80+-year olds [38]. Based on the available
literature, the optimal cholesterol level for people aged 80
ot above is not known, neither is it known whether
lipid-lowering drugs should be used in this age group. Low

TC (<5.5 mmol/l) is associated with the highest mortality
rate in observational studies of 80+-year olds. No clear
optimal level of TC was identified. There is not sufficient
observational or RCT data to recommend anything regard-
ing initiation or continuation of lipid-lowering treatment for

the population aged 80+.

Key points

* One-third of the 75-84-year-old Swedes are treated with
statins.

* The lowest cholesterol levels are associated with higher all-
cause mortality among 80+-year olds.

* No evidence of an effect of lipid-lowering treatment on
all-cause mortality among 80+-year olds was found.

* The data were not sufficient to make any recommen-
dation regarding 80+-year olds and lipid-lowering
treatment.
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