
Journal of Alzheimer’s Disease 56 (2017) 215–228
DOI 10.3233/JAD-160826
IOS Press

215

Updating the Evidence on the Association
between Serum Cholesterol and Risk
of Late-Life Dementia: Review
and Meta-Analysis

Kaarin J. Ansteya,b,∗, Kimberly Ashby-Mitchellb and Ruth Petersa,b

aDementia Collaborative Research Centre – Early Diagnosis and Prevention, Research School
of Population Health, The Australian National University, Australia
bCentre for Research on Ageing, Health and Wellbeing, Research School of Population Health,
The Australian National University, Australia

Accepted 19 October 2016

Abstract.
Background: Cohort studies have reported that midlife high total serum cholesterol (TC) is associated with increased risk
of Alzheimer’s disease (AD) in late-life but findings have been based on few studies and previous reviews have been limited
by a lack of compatible data.
Objective: We synthesized all high quality data from cohort studies reporting on the association between total serum
cholesterol measured and late-life cognitive outcomes including Alzheimer’s disease (AD), vascular dementia (VaD), any
dementia, mild cognitive impairment (MCI), and cognitive decline.
Methods: The literature was searched up to October 2016 using a registered protocol. Thirty-four articles meeting study
criteria were identified. Seventeen studies published from 1996 to 2014, including 23,338 participants were included in
meta-analyses.
Results: Relative risk of developing AD for adults with high TC in midlife was 2.14 (95% CI 1.33–3.44) compared with
normal cholesterol. Individual studies that could not be pooled also reported high TC in midlife increased the risk of MCI and
cognitive decline in late-life. High TC in late-life was not associated with MCI, AD, VaD, any dementia, or cognitive decline.
Late-life measured HDL cholesterol and triglycerides were not associated with increased risk of VaD, and HDL was not
associated with risk of MCI, AD, or any dementia. There were insufficient data to examine other cholesterol sub-fractions,
sex differences, or APOE interactions.
Conclusions: Significant gaps in the literature regarding TC and late-life dementia remain. Evidence suggests that high
midlife TC increases risk of late-life AD, and may correlate with the onset of AD pathology.
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INTRODUCTION

The link between cholesterol and Alzheimer’s dis-
ease (AD) is supported by the identification of clus-
ters of genes (apolipoprotein E4, single-nucleotide
polymorphisms for clusterin (CLU), ABCA7,
and PICALM) that influence lipid binding and
metabolism in the brain [1]. There is also evidence
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from epidemiological studies that links high total
serum cholesterol (TC) in midlife to sporadic AD
in old-age [2]. Lipid measures including high density
lipoproteins (HDL) and TC in midlife are currently
used in assessment tools that evaluate risk of AD and
dementia [3, 4].

However, the evidence base from epidemiological
studies has been limited by a lack of studies report-
ing data on the association between cholesterol and
cognitive outcomes in general, and more specifically
a lack of data compatible for pooling, due to differing
methods of categorizing serum cholesterol measures.
Our previous review of observational studies found
insufficient data were available to evaluate the associ-
ation between high TC and vascular dementia (VaD)
[5], despite TC being a cardiovascular risk factor.
Analyses supported the association between high TC
in midlife and late-life AD but included few studies.
We also found no association between raised serum
cholesterol in late-life and incident AD or VaD, but
this was also based on a small number of studies and
hence conclusions remained tentative and require fur-
ther evaluation now that more datasets are available.

The current systematic review was planned to
update and extend our previous review [5] with newly
available data from prospective cohort studies. It
specifically evaluates a) whether high TC in midlife
predicts cognitive decline, or incident cognitive
impairment or dementia in late-life in prospective,
population-based studies, and b) whether high TC
in late-life predicts cognitive decline, or incident
cognitive impairment or dementia in late-life in
prospective, population-based studies. Where data
were available we also sought to evaluate whether
high density lipoprotein (HDL-C), low density
lipoprotein (LDL-C), and triglycerides were predic-
tive of cognitive decline and dementia.

MATERIALS AND METHODS

Registration of protocol and reporting

The review was registered with the Interna-
tional Prospective Register of Systematic Reviews
(PROSPERO CRD42015026727) [6] and reported in
accordance with the PRISMA checklist [7].

Search strategy

Databases PsychInfo, PubMed, and Cochrane
Collaboration were searched from inception to
September, 2016. Reference lists of all papers

identified were screened for other published papers.
The following combination of selected body choles-
terol terms and cognition terms were used for the
search where an asterisk (*) indicates a word trun-
cation. Dementia and cognition terms included:
Cognit*, Memory, Attention, Reaction time, Speed
of processing, Processing speed, Crystallized abil-
ity, Crystallized intelligence, Fluid ability, Fluid
intelligence, General mental ability, GMA, Intel-
ligence, Executive function, Neuropsychological
testing, Mini mental stat* exam*, MMSE, Dementia,
Alzheimer (auto explode), Mild cognitive impair-
ment, MCI. Cholesterol terms used in the search
were: Cholesterol, Serum cholesterol, Total choles-
terol, APOE, High density lipoprotein or HDL and
Low density lipoprotein or LDL. The search was lim-
ited to articles in English reporting data from humans.

Inclusion and exclusion criteria

Study inclusion criteria ensured that all articles
included in the review met the Oxford Centre for
Evidence-Based Medicine Level of Evidence 1B
(http://www.cebm.net/index.aspx?o=1025). Additi-
onal quality ratings were conducted for all studies
meeting criteria using a checklist adapted from pre-
vious reviews, and the Newcastle Ottawa scale [8, 9].
Studies were required to be prospective, longitudinal,
population based studies with a minimum of 100 par-
ticipants and minimum follow-up period of one year,
and include a measure of TC at baseline. The outcome
measure had to include either dementia or cogni-
tive decline with serum cholesterol as a predictor or
covariate in the analyses. Studies on dementia needed
to have screened for dementia at baseline or adjusted
for incident dementia and/or baseline cognition per-
formance in analyses, unless two standard deviations
from the mean age of participants at baseline was
less than 60 years old. Studies evaluating cognitive
change were required to have measured cognition
at both baseline and follow-up periods and either
implemented a dementia assessment at baseline that
excluded those participants with cognitive impair-
ment or dementia, or adjusted for incident dementia
and/or baseline cognition performance in analyses.
Excluded studies were those that were cross sectional,
experimental, case control studies, where the sample
was not population-based, or where family members
of participants with dementia were included. Studies
were excluded if subjective assessments of cogni-
tion were used (either self-report or clinician ratings,
rather than objective cognitive testing), or dementia

http://www.cebm.net/index.aspx?o=1025
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diagnoses were obtained from only medical records,
where there was no assessment of cognition at base-
line when the outcome was cognitive performance
(i.e., no longitudinal cognitive data).

Abstract screening and article selection

Citations were downloaded into an EndNoteTM

reference database by KA-M and screened in two
stages. When in doubt, the full-text article was
obtained. The selected journal articles retrieved were
examined by at least two of the authors (KJA, KA-M,
RP) and rated against the selection criteria (KJA, KA-
M, RP). Abstracts and articles were discussed and
reassessed where reviewers differed on including the
paper until a consensus was reached (KJA, KA-M,
RP). Reference lists of included articles were also
searched for potential articles for inclusion (KA-M).

Data extraction

Odds ratios, risk ratios, hazard ratios, beta weights,
and standard errors (depending on type of analy-
sis) were extracted and entered into a Microsoft
Excel spreadsheet. Individual datasets were com-
piled for each outcome measure including cognitive
decline, cognitive impairment, MCI, AD, VaD, and
any dementia. Additional information tabulated for
each study included covariates adjusted in the final
statistical models.

Definition of high serum cholesterol

Guidelines for defining high cholesterol differ
between countries and health authorities. For exam-
ple, in Australia, ≤5.5 mmol/L is regarded as
‘normal’ [10] whereas in the United Kingdom, 5.0
mmol/L or less is regarded as ‘healthy’ [11]. Articles
also differed on their measure of high TC. Several
articles compared quartiles, some used serum choles-
terol as a continuous measure, while others used a
pre-defined cut-off. To maximize the opportunity to
obtain a pooled estimate, we pooled the most com-
monly used measure of exposure, which in most cases
involved comparing the lowest and highest quartile
reported in each publication. For the midlife studies,
high TC was defined as >6.5 mmol/l [12] by authors.

Outcomes

Cognitive decline was evaluated in studies includ-
ing 2+ occasions of measurement of cognition.

Cognitive impairment was defined psychometrically
or clinically using standard criteria (e.g., for psy-
chometrically defined MCI we use 1.5 SD decline
or 3 points on the MMSE or other published cri-
teria). For clinical diagnosis of MCI, we accepted
Petersen [13], Winblad [14], or other widely accepted
clinical research criteria. AD was diagnosed using
research diagnostic criteria (e.g., DSM IV) or
classification according to ICD codes. VaD was iden-
tified according to research diagnostic criteria (e.g.,
NINDS–AIREN criteria for the diagnosis of vascular
dementia [15]). Any dementia is an outcome used in
many epidemiological studies to capture any partic-
ipant with dementia due to any cause. This group is
primarily comprised of AD as that is most prevalent,
followed by VaD, but may also include Lewy body
dementia, frontotemporal dementia, etc. Some stud-
ies only use the outcome of ‘Dementia’ and do not
specify dementia subtype.

Data synthesis and analysis

Data were summarized according to study outcome
(AD, any dementia, VaD, MCI, cognitive decline or
impairment). Meta-analyses were conducted using
Comprehensive Meta-analysis software Version 3.0.
Analyses were conducted separately for middle-age
exposure (40 to <60 years) and late-life exposure
(60+ years) to high TC, low HDL-C, or high triglyc-
erides. Results adjusted for the most covariates within
a publication were included. Narrative review of rel-
evant issues for which data were insufficient to pool,
was conducted. Publication bias was evaluated using
Funnel plot asymmetry.

The data points for the meta-analysis of binary
outcomes were the logarithms of the relative risks
or odds ratios, and their standard errors (i.e., two
data points per included study). Heterogeneity among
studies was examined using standard I2 which esti-
mates the proportion of variance due to heterogeneity
[16]. Fixed effects analysis is recommended for small
numbers of studies where it is difficult to estimate
variance [17]. Hence in the present study fixed effects
meta-analysis was used for analyses with two or three
studies. If there was evidence of heterogeneity and
four or more studies were available, random effects
meta-analysis was used [18, 19].

RESULTS

Thirty-four articles meeting inclusion criteria were
identified, of which 17 articles included sufficient
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Fig. 1. Study selection process.

data for meta-analysis and their data were reported
in such a way that they could be pooled with other
studies in sub-analyses of specific outcomes [2, 12,
20–34]. Two articles were drawn from the same
cohort as another article [20, 24, 28, 29] so taking
the largest sample from these articles, the total num-
ber of participants included in the quantitative part of
the review was 23,338. Figure 1 shows the stages in
identifying studies for inclusion in the review. Studies
were drawn from the USA, Sweden, France, Japan,
the Netherlands, Australia, Finland, and Italy. Char-
acteristics of the studies from the 17 articles included
in meta-analyses are shown in Table 1. One study
included only female participants [27] and one study
included only males [2].

Quality ratings for all studies were high, in part due
to the rigorous inclusion criteria which covered sev-
eral items that are included in quality rating scales [9].
However, studies publishing on midlife lacked clear
information on the age range of the sample at baseline
and the distribution of the sample within midlife and
late-life [12, 21]. Characteristics of studies meeting
criteria but not included in meta-analyses are reported
in Supplementary Table 1.

Total serum cholesterol measured in late-life
as risk factors

The individual study and pooled relative risks for
exposures in late-life are shown in Table 2. Four
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Table 2
Total cholesterol measured in late-life and cognitive outcomes in late-life

Outcome Study Weight RR CI p-value

AD Slooter et al., 1999# [33] 37.17 0.98 0.94, 1.02 0.38
Reitz et al., 2004∧ [24] 14.96 0.48 0.26, 0.87 0.02
Li et al., 2005¤¤ [22] 18.72 1.00 0.61, 1.63 1.00
Reitz et al., 2010‡‡ [25] 10.72 0.70 0.32, 1.51 0.36
Pooled 0.93 0.69, 1.26 0.65

VaD Slooter et al., 1999# [33] 88.99 0.95 0.69, 1.31 0.75
Reitz et al., 2004 [24] 11.01 1.05 0.42, 2.61 0.92
Pooled 0.96 0.71, 1.30 0.79

Any dementia Solfrizzi et al., 2004¤ [26] 3.25 0.75 0.12, 4.76 0.76
Li et al., 2005 [22] 85.40 1.16 0.81, 1.66 0.42
Mielke et al., 2005† [23] 11.35 0.45 0.17, 1.21 0.11
Pooled 1.03 0.74, 1.43 0.88

MCI Solfrizzi et al., 2004 [26] 20.43 0.50 0.28, 0.88 0.02
Reitz et al., 2008†† [28] 59.10 0.80 0.57, 1.12 0.19
Pooled 0.71 0.53, 0.94 0.15

Cognition Hyman et al., 1996∗∗ [32] 100.00 0.997 0.994, 1.00 0.05
Taniguchi et al., 2014∧∧ [30] 1.25 0.769, 2.03 0.37
Pooled 0.99 0.997, 1.00 0.05

Exposures were for lowest versus highest quartile for analyses except for the second set of results for AD which
where the exposure was continuous TC. ∗Weights for fixed effects analysis. Weights differed for random effects
analyses and were non-significant. #Estimates were adjusted for systolic blood pressure, diastolic blood pressure,
BMI, TC, and HDL-C. ∧Estimates were adjusted for sex, age, education, race, BMI, APOE �4, diabetes, heart
disease, and hypertension. ¤¤Estimates were adjusted for age at entry, sex, education, self-reported history of stroke
or transient ischemic attack, history of coronary artery disease, history of hypertension, history of diabetes mellitus,
CASI score, and BMI at enrolment. ‡‡Estimates were adjusted for age, sex, education, ethnic group, APOE �4,
diabetes mellitus, hypertension, heart disease, BMI, and lipid-lowering treatment. ¤Estimates were adjusted for
age, sex, and educational level. †Estimates were adjusted for diastolic blood pressure, BMI, sex, education, and
smoking.††Estimates were adjusted for sex, age, ethnicity, education, APOE �4, diabetes, heart disease, stroke, and
hypertension. ∗∗Estimates were adjusted for age, sex, educational level, chronic disease history, and depression.
∧∧Estimates were adjusted for sex, age, educational attainment, years of education, study area, living arrangement,
frequency of going outdoors, alcohol drinking and smoking status, history of chronic diseases, body height and
weight, BMI, resting blood pressure, grip strength, usual gait speed, self-rated health, competence, and depression.
AD, Alzheimer’s disease; APOE, apolipoprotein; BMI, body mass index; CASI, Cognitive Abilities Screening
Instrument; CI, confidence interval; HDL-C, high density lipoprotein; MCI, mild cognitive impairment; RR, relative
risk; TC, total cholesterol; VaD, vascular dementia.

studies reported compatible data on TC in late-life
and risk of AD in late-life including 7,308 partic-
ipants [22, 24, 25, 33]. The pooled result showed
no effect on AD. Two studies [26, 28] including
3,817 participants reported compatible data on TC
in late-life and risk of MCI in late-life. Their pooled
result showed no association. Three studies [22,
23, 26] with 5,467 participants reported compati-
ble data on TC in late-life and any dementia. Their
pooled result showed no association. Two studies
[24, 33] with 4,066 participants reported data on
TC in late-life and risk of VaD and also found no
association. Two studies [30, 32] with 2,521 partic-
ipants reported compatible data on TC in late-life
and cognitive decline and found no association. A
study that was incompatible for pooling but which
reported analyses on cognitive decline found one
significant effect [35]. An analysis that combined
11 studies [21–26, 29–34] reporting data on expo-

sure to high TC in late-life with any cognitive or
dementia outcome in late-life had non-significant
results (RR = 1.02, CI = 0.88–1.87, p = 0.77) (Forest
plot reported in Supplementary Figure 1).

Total serum cholesterol in midlife as a risk factor

Table 3 reports results for TC measured in midlife
as a risk factor for late-life cognitive outcomes.
Three studies including 3,335 participants [2, 12, 27]
assessed serum cholesterol in midlife for later AD
risk with one reporting 32 years of follow-up and the
other ranged from an average of 18 to 30 years. High
TC in midlife was associated with a relative risk of
2.14 (95% CI: 1.33–3.44), p < 0.01 compared with
non-high TC in midlife.

Two studies reported compatible data on TC
in midlife and late-life dementia [21, 27] includ-
ing 3,392 participants but found no association.
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Table 3
Total cholesterol measured in midlife and cognitive outcome in late-life

Outcome Study Weight RR CI p-value

AD Notkola et al., 1998§ [2] 23.52 3.10 1.16, 8.25 0.02
Kivipelto et al., 2001## [12] 30.48 3.10 1.18, 6.62 0.02
Mielke et al., 2010¶ [27] 46.00 1.48 0.73, 2.98 0.27
Pooled 2.14 1.33, 3.44 0.00

Dementia Mielke et al., 2010 [27] 84.61 2.82 0.94, 8.44 0.26
Beydoun et al., 2011¶¶ [21] 15.39 1.31 0.82, 2.09 0.06
Pooled 1.47 0.96, 2.27 0.08

AD/Dementia Notkola et al., 1998 [2] 13.39 3.10 1.16, 8.25 0.02
Kivipelto et al., 2001 [12] 10.66 3.10 1.18, 6.62 0.02
Mielke et al., 2010 [27] 58.61 2.82 0.94, 8.44 0.26
Beydoun et al., 2011 [21] 17.35 1.31 0.82, 2.09 0.06
Pooled 1.82 1.27, 2.60 <0.01

§Estimates were adjusted for age and APOE �4. ##Estimates were adjusted for age and BMI. ¶Estimates were
adjusted for education, diastolic blood pressure, BMI, age, and cigarette smoking. ¶¶Estimates were adjusted for
age at first visit, sex, education (years of schooling), race and ethnicity, smoking status, type 2 diabetes, hyper-
tension, cardiovascular disease or cerebrovascular disease (stroke, congestive heart failure, non-fatal myocardial
infarction, or atrial fibrillation), dyslipidemia, BMI, and systolic blood pressure. AD, Alzheimer’s disease; APOE,
apolipoprotein; BMI, body mass index; CI, confidence interval; RR, relative risk.

Table 4
HDL-C measured in late-life and cognitive outcome in late-life

Outcome Study Weight RR CI p-value

MCI Solfrizzi et al., 2004 [26] 20.59 1.26 0.73, 2.19 0.41
Reitz et al., 2008 [28] 66.65 0.90 0.66, 1.22 0.50
Pooled 0.97 0.75, 1.27 0.85

AD Reitz et al., 2004 [24] 32.97 0.70 0.37, 1.32 0.27
Li et al., 2005 [22] 43.45 1.23 0.71, 2.14 0.46
Reitz et al., 2010 [25] 23.58 0.40 0.19, 0.85 0.02
Pooled 0.78 0.54, 1.13 0.19

VaD Reitz et al., 2004¶ [24] 46.54 0.81 0.32, 2.05 0.66
Raffaitan et al., 2009† [29] 53.46 1.52 0.64, 3.61 0.34
Pooled 1.13 0.60, 2.14 0.70

Any Dementia Li et al., 2005 [22] 94.89 1.04 0.69, 1.56 0.85
Solfrizzi et al., 2004 [26] 5.11 1.37 0.24, 7.84 0.72
Pooled 1.06 0.71, 1.56 0.79

AD, Alzheimer’s disease; CI, confidence interval; HDL-C, high density lipoprotein; MCI, mild cognitive impair-
ment; RR, relative risk; VaD, vascular dementia.

Table 5
Triglycerides measured in late-life and VaD in late-life

Outcome Study Weight RR CI p-value

VaD (Tri) Reitz et al., 2004 [24] 45.187 1.34 0.36, 5.02 0.66
Raffaitan et al., 2009 [29] 54.813 1.98 0.60, 6.57 0.26
Pooled 1.66 0.68, 4.04 0.26

CI, confidence interval; RR, relative risk; VaD, vascular dementia.

An analysis that combined the unique studies on
midlife TC and AD and any dementia outcomes found
that high TC in midlife increased the risk of late-life
AD/dementia by 82%.

HDL-C and triglycerides in late-life

Studies reporting data compatible for pooling on
HDL-C and triglycerides are shown in Tables 4 and 5.

Two studies reported compatible data on HDL-C
in late-life (n = 3,817) and incident MCI [26, 28]
and found no association. Three studies [22, 24,
25] (n = 6,062) reported compatible data on HDL-C
in late-life and AD and found no association. Two
studies were pooled to examine whether HDL-C is
associated with incident VaD [24, 29] (n = 10,558)
and showed no association. Two studies reported
compatible data on HDL-C and late-life any dementia



224 K.J. Anstey et al. / Serum Cholesterol, Dementia, and Cognitive Decline

(n = 5,075) and found no association. Two studies
reported compatible data on HDL-C and triglycerides
in late-life and risk of VaD [24, 29], including a total
of 10,558 participants and when pooled, found no
association.

Another three studies reported findings on HDL-C
and cognitive function in late-life [36–38] but were
not compatible for pooling, with varying method-
ologies. One study [36] found that an improvement
in the profile of non-HDL-C in high functioning
older adults (n = 1189) followed for 4.5 years was
associated with reduced risk of cognitive decline.
Another small study that followed 101 older women
for 12 years found that risk of poor memory
increased with a decrease in HDL-C [38]. An exam-
ination of the Health and Retirement Study data
on a sample including both mid- and older-aged
adults reported that HDL-C mediated the associa-
tion between lifestyle variables and memory decline
[37]. A final study found high LDL-C was asso-
ciated with increased risk of dementia with stroke
[39].

Studies meeting criteria that were not
compatible for pooling and inclusion
in meta-analysis

Seventeen additional studies were identified for
this review that could not be included in meta-
analyses (Supplementary Table 1). Four studies did
not report relevant individual effect sizes [40–43] and
thirteen reported data that were incompatible with
other studies for pooling, three of which reported on
HDL-C and are described above. Four studies focused
on late-life exposure to high TC. An early Australian
study of late-life high TC as a predictor of dementia
observed a small protective effect but did not include
covariates [44]. A report from the Three Cities study
in France found high TC in late-life was not associ-
ated with increased risk of MCI [45] and two more
studies from the US found no association of late-life
TC, triglycerides, or LDL and memory or cognitive
decline [35, 46].

Two individual studies showed that high TC in
midlife [49] or mid- to late-life was associated with an
increased risk of cognitive decline [48] and another
study reported an association of high midlife TC and
risk of MCI in late-life [49].

One study reported on the association of HDL-C
and cognitive decline and found no association [50]
and two reported data with long-term follow-ups and
are described below [51, 53].

Studies reporting results for models
incorporating multiple measures of
cholesterol over long follow-up periods

Four studies using different methodologies have
characterized TC over multiple occasions of measure-
ment with long follow-up periods [2, 21, 51, 52]. In
general these show that declining TC from in late-
life increase the risk of AD, but that the average TC
over time did not. An early Finnish study of men that
linked midlife serum cholesterol to late-life AD also
estimated the trajectory of decline in TC [2] and found
this was steeper in those ultimately diagnosed with
AD than those without dementia. A report examining
averageTCover timefrommid- to late-lifeasapredic-
tor of late-life AD in the Framingham study found no
associationofTCwithADbut this studydidnotmodel
trajectories [52]. Stewart and colleagues [51] modeled
change over time in TC and found a non-linear associ-
ation with incident AD, VaD, and any dementia. This
association remained for any dementia after adjust-
ing for multiple covariates and the authors conclude
that declining TC may be predictive of incident any
dementia. This result was replicated by Beydoun and
colleagues for males but not females [21]. Another
study by Toro adds to the view that declining TC may
be predictive of AD [31]. In a cohort that was aged
approximately 60–63 at baseline, they observed high-
est quartile TC predicted incident AD over 14 years of
follow-up. In the same study, analysis of trajectories
by diagnostic group at follow-up revealed the AD and
MCI groups had declining TC.

Covariates

Twelve of the studies included in meta-analyses
reported adjusting for APOE genotype, 14 studies
adjusted for education. Few studies examined the
impact of statin use. One [21] examined statin use
longitudinally and reported a reduced risk of demen-
tia for participants taking them while other studies
found no effect [24, 28]. Sex differences were rarely
reported and there were insufficient data for males or
females for pooling. One study found opposite effects
of low triglycerides, with increased risk for males and
reduced risk for females [20].

Reduction in cholesterol levels in samples over
time

To explore the hypothesis that effects in midlife
may have been due to the historically high levels
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of cholesterol in at the time these studies were con-
ducted, we examined the pattern of average baseline
cholesterol over time. Data are reported in Supple-
mentary Table 2. Nine European and US studies
had compatible data and from that we estimated the
correlation between year of observation and sample
average TC which was –0.66, p = 0.05 and review
of the data suggests a decline in baseline cholesterol
levels over time.

DISCUSSION

Our meta-analysis synthesized all available, high
quality, compatible data from prospective studies
reporting on the association of serum lipids with cog-
nitive outcomes. The results reported here update our
previous review by covering an additional 8 years or
publications and inclusion of 8 new articles allowing
for more meta-analyses. The review consolidates sev-
eral lines of evidence to develop a more coherent view
of cognitive risk associated with unfavorable lipid
profiles in mid- to late-adulthood. Although no new
studies could be added to the meta-analysis on midlife
exposure to high TC and late-life cognitive outcomes,
a number of individual studies that were not compat-
ible for meta-analysis reported results that supported
the pooled results. Our review also clarifies research
gaps, and highlights the need for continuation of
cohorts studied from midlife. Datasets that provide
information on midlife risk factors for dementia and
cognitive decline are critical for increasing the knowl-
edge base in this field.

Available evidence does not show that midlife TC
predicts types of dementia other than AD but there
is insufficient evidence for this to be conclusive. The
quantity of data available on which to base conclu-
sions is still small and there are few recent studies.
Results for any dementia overlap with results for AD
in most meta-analyses due to the high prevalence
of AD in the any dementia group. Declining TC is
observed retrospectively in patients who eventually
develop AD in cohort studies [31], implicating high
TC as a risk factor or possible biomarker of emerging
AD, very early in the disease process. There are insuf-
ficient data on statins to determine whether reduction
of cholesterol with statins confers a reduction in risk
of AD [53].

In late-life, TC was not associated with cognitive
or dementia outcomes in any analyses or in any of
the large individual studies that were not compatible
for pooling. We are hesitant to conclude that there
is no biological association between late-life lipids

and brain health. Some isolated studies found bet-
ter HDL-C profiles associated with reduced dementia
risk. Nearly all the late-life studies were commenced
at a time when many in the cohorts could have accu-
mulated significant AD pathology. Without knowing
the trajectory of TC over time for an individual it is
not possible to know whether an isolated reading is
an indicator of decline. It is also possible that partic-
ipants with high LDL-C/non-HDL-C were lost from
cohorts due to mortality or other co-morbidities asso-
ciated with cardiovascular events. Disentangling the
effect of lipids on late-life brain health will require
very long-term follow-ups of cohorts that include
AD biomarkers and the field currently lacks these
data. In addition, early life social-disadvantage may
impact on midlife risk factors and confound asso-
ciations observed between risk factors and late-life
cognitive outcomes [54].

Findings from key studies that have modeled TC
trajectories in clinical subgroups demonstrate the
need for a life course perspective for interpreting the
overall findings in this field. It is possible that high
TC in midlife may facilitate the commencement of
accumulation of AD pathology. Animal studies have
shown that intervention with a high cholesterol diet
leads to memory deficits, increases oxidative stress
and doubles the concentration of amyloid-� in the
hippocampus [55]. Given the long term accumula-
tion of AD neuropathology, and the need to identify
targets for prevention, the association between AD
and TC in midlife may signify a window period for
risk reduction that has not yet been fully evaluated.
However, it also presents a challenge because any
intervention would need to be followed for decades
and this may present ethical concerns for the control
group. As long-term data become available on the
use of statins, epidemiological data may shed light on
whether reducing TC in midlife with statins is asso-
ciated with reduced risk of AD two to three decades
later.

Strengths of our meta-analysis are the inclusion
of high quality studies, the large sample size, long
follow-up for the midlife studies, and consideration
of multiple outcomes and lipid measures. Limitations
include the small numbers of studies available for
some comparisons, lack of information on statin use
and the small amount of data available on VaD. The
inclusion of publications where serum cholesterol
was not the main variable of interest may have coun-
teracted publication bias to some extent. Examination
of effect modifiers in epidemiological studies is often
hindered by small cell sizes and this also limits the
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scope for systematic reviews such as the present one
in examining gene-risk factor interactions.

Gaps in the literature and commentary

The findings on high TC in midlife being asso-
ciated with increased risk of late-life AD are still
limited to the few studies that report relevant data
from Scandinavia and the United States. The wider
literature shows that level of TC in populations varies
according to diet, urbanization, ethnicity, and income
[56, 57]. What is not known is whether the asso-
ciation between TC and AD differs by these other
factors that affect TC. This information will be critical
for the development of appropriate clinical practice
guidelines. In the literature reviewed, there was a
notable lack of cohort data from Asian, South Ameri-
can, African, and Middle Eastern countries and hence
we do not know if TC is a risk factor for AD in
these regions. The studies were limited by the lack
of information on age of exposure and the length of
exposure. Also, individuals with hereditary hyperc-
holesterolemia may have contributed to these findings
and represent a special group who also have differ-
ent genetic risk factors for cardiovascular disease that
may increase risk of AD, and studies did not report
screening for such individuals.

The most recent Cochrane review [58] of statins
for the prevention of dementia showed no benefit.
This is not surprising. First our results suggest that
risk of high TC may be limited to AD. Second, the
studies that evaluated statins as a method of reducing
dementia incidence were conducted on cohorts aged
70 and older. TC has not been shown to increase risk
of AD or dementia in this age-group and statin use
for dementia risk reduction is therefore not indicated.

Observational studies and meta-analyses do not
identify causal mechanisms but can confirm reliable
associations. The effect of TC on AD risk may be via
the impact of TC on arteriosclerosis or cerebrovascu-
lar disease, in addition to directly impacting on the
accumulation of AD pathology. The development of
an evidence-base in dementia risk reduction is essen-
tial, yet review of the rate of publication of articles
on this topic demonstrates the incremental nature of
knowledge accumulation. Collaborative pooling of
individual datasets may allow researchers to address
some of these limitations.

We conclude that high TC in midlife (>6.5 mmol/l)
may increase the risk of AD but urge cohort stud-
ies to publish their data on this topic to increase the
knowledge base. Maintenance of cholesterol in the

normal range among middle-aged adults should be
a priority. This provides further reason to promote
lifestyle changes associated with improvements in
body composition [59] and exercise [60].
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