
Received: 19 August 2022 Revised: 18 December 2022 Accepted: 20 December 2022

DOI: 10.1002/dad2.12395

R E S E A RCH ART I C L E

The relationship betweenmidlife dyslipidemia and lifetime
incidence of dementia: A systematic review andmeta-analysis
of cohort studies

JasonWee1 Sara Sukudom2,3 Saiuj Bhat4 MattiMarklund5,6,7

Niridu Jude Peiris3 CamillaMHoyos8 Sanjay Patel10 Sharon L Naismith9

Girish Dwivedi2 AshishMisra3,10

1Fiona Stanley Hospital, SouthMetropolitan Health Service, Perth,Western Australia, Australia

2University ofWestern Australia, Perth,Western Australia, Australia

3Faculty ofMedicine andHealth, The University of Sydney, Sydney, New SouthWales, Australia

4Royal Perth Hospital, Perth,Western Australia, Australia

5The George Institute for Global Health, University of New SouthWales, Sydney, New SouthWales, Australia

6Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA

7Department of Public Health and Caring Sciences, Uppsala University, Uppsala, Sweden

8Faculty of Science and School of Psychology and Centre for Sleep and Chronobiology,Woolcock Institute ofMedical Research, The University of Sydney, Sydney, New

SouthWales, Australia

9Faculty of Science and School of Psychology, Charles Perkins Centre, University of Sydney, Sydney, New SouthWales, Australia

10Heart Research Institute, Sydney, New SouthWales, Australia

Correspondence

AshishMisra, Heart Research Institute

(Atherosclerosis and Vascular Remodelling

Group) 7 Eliza Street, Sydney, NSW2042,

Australia.

Email: Ashish.Misra@hri.org.au

JasonWee and Sara Sukudom contributed as

co-first authors.

Abstract

Introduction: We conducted a systematic review and meta-analysis to review the

relationship betweenmidlife dyslipidemia and lifetime incident dementia.

Methods: The databases Medline, Embase, Scopus, Web of Science, and Cochrane

were searched from inception to February 20, 2022. Longitudinal studies examining

the relationship between midlife lipid levels on dementia, dementia subtypes, and/or

cognitive impairment were pooled using inverse-variance weighted random-effects

meta-analysis.

Results: Seventeen studies (1.2 million participants) were included. Midlife hyperc-

holesterolemia was associated with increased incidence of mild cognitive impairment

(effect size [ES] = 2.01; 95% confidence interval [CI] 1.19 to 2.84; I2 = 0.0%) and all-

cause dementia (ES= 1.14; 95%CI: 1.07 to 1.21; I2 = 0.0%). Each 1mmol/L increase in

low-density lipoproteinwas associatedwith an 8% increase (ES= 1.08, 95%CI: 1.03 to

1.14; I2 = 0.3%) in incidence of all-cause dementia.
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Discussion: Midlife dyslipidemia is associated with an increased risk of cognitive

impairment in later life.
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1 INTRODUCTION

Dementia is a neurodegenerative disease characterized by changes

in cognition, behavior, and functioning.1 Although the exact cogni-

tive functions affected may depend on the subtype of dementia,

impairment in various domains can occur including processing speed,

attention, learning and memory, language, visuospatial and executive

functions, and social cognition.1 As of 2019, more than 55 million peo-

ple were affected by the disease worldwide, with this projected to rise

to 153 million people by 2050.2,3 The burden of dementia is driven

by its progressive and generally irreversible nature, placing long-term

stresses on both patients and carers.

Alzheimer’s disease (AD) and vascular dementia (VaD) are the most

common causes of dementia, frequently co-occurring as a “mixed

dementia,” and together account for ≈80% of global dementia cases.4

AD is characterized by decline in two or more of the aforementioned

cognitive domains, with resultant impact on the person’s activities of

daily living.5 Mild cognitive impairment (MCI) is considered to be a pro-

drome or “at-risk” stage for dementia.6 It involves a decline in cognitive

function beyond what is expected for normal aging, without the signif-

icant decline in daily functioning that would be evident in dementia.6

More than50% of patients with MCI progress to dementia within 5

years.7

Up to 40% of dementia risk has been attributed to modifiable risk

factors.8 Coupled with evidence that pathology leading to demen-

tia begins 10 to 20 years before clinical symptoms emerge,9 there is

substantial interest in identifying early to midlife interventions that

may prevent lifetime occurrence of dementia. One risk factor gain-

ing interest is dyslipidemia,10,11 which refers to an imbalance of lipid

levels in the blood.12 A proposedmechanism for the observed associa-

tion between dyslipidemia and dementia is the conversion of systemic

cholesterol into 27-hydroxycholesterol, which may cross the blood-

brain barrier and promote deposition of amyloid beta and tau proteins

characteristic of AD.13,14 It is postulated that 27-hydroxycholesterol

increases beta-site amyloid precursor protein cleaving enzyme 1,

which is the rate-limiting step (i.e., the slowest, most critical step that

determines theoverall reaction rate) in amyloidbeta (Aβ) production.14

A similar mechanism has been suggested to underlie an increased risk

ofMCIwith early life exposure to elevated cholesterol.15 Furthermore,

hyperlipidemia may aggravate both carotid atherosclerosis contribut-

ing to VaD and oxidized low-density lipoprotein (LDL)–mediated neu-

ronal cell death implicated in dementia andMCI pathophysiology.16,17

Despite a convincing theoretical basis, translation into clinical evi-

dence has been equivocal. Studies examining dyslipidemia as part

of a composite cardiovascular risk score have generally found a

positive association with dementia.18–21 However, results from stud-

ies isolating dyslipidemia as an independent risk factor have been

inconsistent.10 One contributing factor may be variation in study

design, including the age at which lipid sampling takes place.22 Choles-

terol and dementia follow a non-linear association with age, with

evidence of a prodromal decrease in lipids prior to dementia onset.23

Therefore, it is important tounderstand the risk associatedwithmidlife

and late-life dyslipidemia separately.23 We conducted a systematic

review and meta-analysis to update the evidence on the relationship

betweenmidlife dyslipidemia and lifetime incidence of dementia.

2 METHODS

This systematic review followed the Preferred Reporting Items for

Systematic reviews and Meta-Analyses (PRISMA) guideline and was

registered on the International Prospective Register of Systematic

Reviews (PROSPERO:CRD42021278058). Two reviewers (JWand SS)

independently performed the title and abstract screen, full-text review

of eligible studies, data extraction, and risk of bias assessment. Dis-

crepancies were resolved by consensus or with involvement of a third

reviewer (SB) if required.

2.1 Search strategy

A systematic literature searchwas conducted acrossMedline, Embase,

Scopus, Web of Science, and Cochrane databases from inception

to February 20, 2022, using the following keywords: “dementia” or,

“cognitive impairment” or, “Alzheimer” and, “lipid” or, “cholesterol”

or, “lipoprotein” or “triglyceride” and “incidence” or “prevalence” (see

Appendix A for full search strategy). No language restriction was

applied, and if required a medical translation service was used for

non–English-language texts requiring full-text review. Reference lists

of previous reviews and eligible studies were screened manually to

identify additional relevant publications.

2.2 Eligibility criteria

We included cohort studies with ≥12 months of follow-up that

assessed the association between dyslipidemia and the development

of dementia or MCI. Eligible participants were adults <65 years of
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age at baseline (i.e., at lipid sampling). Lipid subtypes included total

cholesterol (TC), LDL, high-density lipoprotein (HDL), and triglyc-

erides (TGs). Eligible outcome measures were lifetime incidence of

MCI, all-cause dementia, and dementia subtypes. Diagnosis of the out-

comes was accepted if studies used validated screening tools during

neuropsychiatric assessment, including the Mini-Mental State Exami-

nation (MMSE) for dementia; Peterson/Winblad and Albert diagnostic

criteria for MCI; National Institute on Aging–Alzheimer’s Associa-

tion (NIA–AA),24 International Working Group (IWG), or National

Institute for Communicative Disorders and Stroke-Alzheimer’s Dis-

ease and Related Disorders Association (NINCDS-ADRDA) criteria for

AD25,26; and National Institute of Neurological Disorders and Stroke

and Association Internationale pour la Recherche et l’Enseignement

en Neurosciences (NINDS-AIREN) criteria for VaD. Diagnostic codes

identified inmedical records were also accepted,26 including the Inter-

national Classification of Diseases (ICD) and Diagnostic and Statistical

Manual ofMental Disorders (DSM) classifications.

2.3 Data collection and process

The following data items were extracted from studies: year of publica-

tion, population (including age, sex, and other baseline characteristics),

setting, sample size, studydesign, inclusionandexclusion criteria, expo-

sure (i.e., lipid subtypes measured), outcome measure(s), measure(s)

of effect, effect size, and covariates. Missing or incomplete data were

requested from the corresponding authorswhere applicable.18,21,27–30

2.4 Assessment of midlife dyslipidemia

For the purposes of this review, “midlife”was defined as adults age<65

years. No lower age limit was applied to allow for flexibility of “midlife”

definitions used by various studies and thus include as many studies

as possible in our review. Although there is no universal definition for

midlife, this upper threshold is used widely in clinical practice to delin-

eate between middle-aged versus older adults.31,32 Dyslipidemia was

defined as any lipid parameter (TC, LDL, HDL, TG) identified as outside

of its normal range of values on a blood test. This normal range var-

ied by country and institution of practice, and thus between studies.

Data on specific thresholds for dyslipidemia and their associated out-

comes were collected according to the original authors’ definition and

reported as such in our analysis.

2.5 Data analysis

The quality of individual studies was assessed using the Newcastle-

Ottawa Scale, which has been validated for use in cohort studies.33

Where studies analyzed the same patient cohorts, one article was

selected for inclusion in the meta-analysis based on sample size

(i.e., total number of persons enrolled), quality assessment, and

relevance.18,19,34–36

When required, the effect size (ES) was calculated by pooling the

hazard ratio, odds ratio, and relative risk as reported in individual stud-

ies, with these being treated as approximately equivalent measures

given the relative rarity of dementia incidence (<15% per year).37–39

The effect size of high versus low lipid levels, as defined by individual

studies, were pooled using inverse-variance weighted random-effects

meta-analysis according to the method of DerSimonian and Laird.40

For studies that reported both hazard and odds ratios, the hazard ratio

was used for analysis.34 Effect estimates from studies with contin-

uous data were standardized to reflect a unit change in lipid levels

by log transformation of the effect size and corresponding standard

errors, then dividing by the reported lipid interval to yield change per 1

mmol/L of the respective lipid levels.

Sensitivity analyses were performed by excluding each study from

the pooled analysis and by pooling studies that reported dementia inci-

dence as a function of top-versus-bottom lipid threshold (e.g., ≥6.2

vs <5.18 mmol/L TC) or above-versus-below a certain lipid threshold

(e.g., ≥6.5 vs <6.5 mmol/L TC). Subgroup analyses were performed

for lipid and dementia subtypes, including MCI, where possible. These

were conducted by extracting categories as originally reported by the

authors, that is, analysis of “all-cause dementia” included all papers

reporting this as an outcome, which implicitly comprises AD, but did

not includepapers reportingADas a standaloneoutcome. The I2 statis-

tic was used to assess heterogeneity of included studies, with values of

<25%, 25 to 50%, and>50% corresponding to low, moderate, and high

degrees of heterogeneity, respectively.41 The effect of different lipid

threshold values was investigated by meta-regression that studied the

effect of various high and low thresholds on overall pooled effect size.

Publication bias was assessed by visual inspection of funnel plots and

statistically using Egger’s test.

All statistical analyses were conducted in STATA version 16 (Stata

Corp, Texas, USA) using a two-tailed alpha value of 0.05. Data are

presented as mean (standard deviation [SD]) or median (interquartile

range [IQR]) unless stated otherwise.

3 Data availability

Anonymized data not published in this article will bemade available by

request from any qualified investigator.

4 RESULTS

4.1 Overview of included studies

Of 8183 studies identified by our search, 193 underwent full-text

review of which 176 were excluded (Appendix S2), and 17 were

included in this review (Figure S1). Eleven studies examined the asso-

ciation between TC and all-cause dementia.18,19,21,27–29,34,35,42–44 Six

examined the association between TC and AD specifically,30,36,42,44–46

three investigated the relationship between LDL or HDL and dementia

or MCI,22,27,28 and two studied the link between TC andMCI.20,30 The
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F IGURE 1 Pooled association between total cholesterol and all-cause dementia. HR= hazard ratio

sample sizes of included studies ranged from 222 to 636,262 individu-

als with a mean age at baseline ranging between 42.4 and 56.7 years;

follow-up ranged from 7 to 36 years (median 21.2 years) (Tables 1

and 2). Most (n = 13) were prospective cohort studies, whereas the

remainder (n= 4) were retrospective in design. Five were based in Fin-

land, four in the United States, three in the United Kingdom, three in

Sweden, and one each in Japan and Germany. Most studies (n = 14)

had an overall low risk of bias (defined by Newcastle-Ottawa Scale

score 7 to 9) (Table 1). The studies by Rönnemaa et al., Rosengren et al.,

and Notkola et al. each scored 6 for reasons such as participants being

exclusively male, limited adjustment for covariates (≤2 variables), and

lack of description of participants lost to follow-up (Table S1).42,43,46

4.2 Association between midlife dyslipidemia and
all-cause dementia

Highversus low level of TCwasassociatedwith an increase in incidence

in all-cause dementia (ES = 1.14; 95% confidence interval (CI): 1.07

to 1.21; I2 = 0⋅0%) (Figure 1). When TC was assessed as a continuous

variable, each 1 mmol/L increase was associated with a 5% increase in

incident dementia (ES = 1.05, 95% CI 1.02 to 1.08; I2 = 0.0) (Figure 1).

Similarly, each 1 mmol/L rise in LDL corresponded to an 8% increase

in incident in dementia (ES = 1.08, 95% CI: 1.03 to 1.14; I2 = 0.3%)

(Figures 2). HDL levels were not associated with incidence of demen-

tia, either as a continuous (ES 1.03 per 0.42 mmol/L increase in HDL;

95% CI: 0.98 to 1.08; n = 636,262 participants) or a categorical (ES =

0.44 for ≥1.84 vs <1.29 mmol/L HDL; 95% CI: 0.12 to 1.64; n = 651

participants) variable.

4.3 Association between midlife dyslipidemia and
lifetime incidence of MCI

High versus low level of TCwas associatedwith increased lifetime inci-

dence of MCI (ES = 2.01; 95% CI: 1.19 to 2.84; I2 = 0.0%) (Figure 3).

HDL was associated with a lower incidence of MCI (ES= 0.39; 95% CI:

0.22 to 0.70; n= 455 participants).22

4.4 Association between midlife dyslipidemia and
lifetime incidence of AD

There was a trend toward a greater incidence of AD with high versus

low level of TC (ES= 1.41; 95% CI: 0.95 to 1.88; I2 = 57⋅5%) (Figure 4).

Each 1 mmol/L increase in LDL was associated with an ≈17% increase

in incidence of AD (ES = 1.17; 95% CI: 1.07 to 1.27; n = 636,262

participants).28

4.5 Sensitivity analysis

There was no clear evidence that different TC threshold values influ-

enced the effect estimates of incident all-cause dementia or AD (p ≥

0.30). In sensitivity analysis examining the influence of individual stud-

ies on overall effect estimates, no significant change in the effect size

of all-cause dementia incidence was observed when individual stud-

ies were excluded (Figure S2), or when studies scoring 6 or lower on

the Newcastle-Ottawa Scale were excluded (Figure S3).42,43,46 On the

other hand, exclusion of the study by Rönnemaa and colleagues had a
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F IGURE 2 Pooled association between low-density lipoprotein levels and all-cause dementia. HR= hazard ratio

F IGURE 3 Pooled association between total cholesterol andmild cognitive impairment. OR= odds ratio

F IGURE 4 Pooled association between total cholesterol and Alzheimer’s disease. HR= hazard ratio, OR= odds ratio

statistically significant influence on incidence of AD in individuals with

high versus low TC (ES 1.62; 95% CI: 1.27 to 1.98) (Figure S4).42 Fur-

thermore, exclusion of studies with a Newcastle-Ottawa Scale score of

6 or less had a marked effect on incidence of ADwhen comparing high

and low levels of TC (ES 1.61; 95% CI: 1.25 to 1.96; I2 = 0⋅0%) (Figure

S5).42,46

Nopublication biaswas observed in studies investigating the associ-

ation between TC and incidence of dementia by visual inspection of the

funnel plot (Figure S6) or statistically by Egger’s test (slope P = 0.115;

bias P= 0.074).

5 DISCUSSION

Findings from the current systematic review and meta-analysis of 17

studies provide compelling evidence of an association betweenmidlife

dyslipidemia and lifetime incidenceof dementia andMCI. Evidencewas

strongest for the relationship between TC in midlife and incidence of

all-cause dementia, which pooled results across eight studies encom-

passing over half a million participants. The findings suggest a 14%

increased risk of incident dementia with elevatedmidlife TC compared

to TC in the normal range. Likewise, results pooled from two large stud-

ies of over 1.1 million participants revealed a 5% increase in risk of

incident dementia for every 1 mmol/L increase in TC. For MCI, results

pooled across two studies demonstrated a two-fold risk of incident

MCI in those with high midlife TC; this risk was 61% less in those

with high midlife HDL. Overall, the magnitude of dementia risk asso-

ciated with midlife dyslipidemia in our review is comparable to that of

excess alcohol consumption (relative risk [RR] 1.2), but less than other

modifiable risk factors such as diabetes (RR 1.5), smoking (RR 1.6),

hypertension (RR 1.6), and obesity (RR 1.6).8

Our findings corroborate those of previous systematic reviews and

meta-analyses that found evidence of an association between midlife

dyslipidemia and development of dementia.10,39 Our review builds



WEE ET AL. 9 of 11

upon the work of Anstey et al. by incorporating more recently pub-

lished studies,10 including a large cohort study ofmore than 1.8million

individuals in theUnitedKingdom.28 We further differentiate between

lipid subtypes, aswell as using lipid threshold values defined by individ-

ual studies rather than a singular cutoff of 6.5 mmol/L. We extended

the findings of Anstey et al.10 by exploring the relationship between

midlife dyslipidemia andMCI and AD. The recent systematic review by

Zhu et al. that included a sub-analysis on midlife lipids and dementia

found positive relationships between midlife TC and all-cause demen-

tia (ES = 1.16; 95% CI: 1.05 to 1.26) and AD (ES = 1.14; 95 CI:

1.02 to 1.27) that were comparable to our findings.39 We add to this

work by including major studies published after 2020,27,28 analyzing

midlife dyslipidemia on a per unit basis, and examining the relation-

ship betweenmidlife dyslipidemia andMCI.Overall, our studyprovides

the most current and comprehensive synthesis of the literature per-

taining to midlife dyslipidemia and later-life incidence of MCI and

dementia.

Results from our study have widespread public health implications.

Targeting dyslipidemia as part of a comprehensive primary preven-

tion strategy that includes modifiable risk factors has the potential

to decrease the global burden of not only dementia but also MCI.7

Dyslipidemia is an ideal risk factor to target due to its prevalence in

the community (≈23% to 77%),47 established treatment modalities,

existing screening guidelines in the primary care setting, and benefits

that extend to other diseases, most notably cardiovascular disease.47

A systematic review and meta-analysis of observational studies that

investigated the effect of lipid-lowering therapy with statins on cogni-

tive impairment found that patients who used a statin had lower risk

of all-cause dementia and dementia subtypes, including AD andVaD.37

Despite these compelling observational results, a Cochrane review of

randomized controlled trials found that statins given to people at risk

of vascular disease did not prevent cognitive decline or dementia.48 A

potential explanation for this discrepancy is that the included studies

focus on intervention during later life, when risk of cognitive decline

may already be established.48 It remains to be seen whether lipid-

lowering therapy given at midlife affords any protection fromMCI and

dementia later in life.

In our pooled analysis of six studies investigating the association

between TC and AD, there was a trend toward greater incidence of

AD in individuals with elevated midlife TC. It is worth noting that

inclusion of only high-quality studies (Newcastle-Ottawa Scale score

>6) in our sensitivity analysis resulted in a statistically significant

change to the observed relationship between TC and AD. After exclud-

ing two studies of Newcastle-Ottawa Scale score ≤6,42,46 elevated

midlife TC was associated with an ≈60% increased risk of incident

AD. This may be explained partially by the study designs: Rönnemaa

et al. applied stringent criteria to diagnose “pure Alzheimer’s disease”

that excluded participants with radiological evidence of VaD, which

frequently co-occurs with AD as a mixed dementia. In both studies,

only male participants were enrolled, even though AD is known to dis-

proportionately affect females.42,46 In addition, both studies adjusted

for only two covariates: age and apolipoprotein E (APOE) genotype by

Notkola et al. and age and education by Rönnemaa et al.42,46

Only one study examining midlife HDL, and cognitive impairment

was identified, which showed a significant correlation between high

HDL and lower incidence of MCI.22 Because HDL metabolizes and

effectively lowers LDL and TC, this effect aligns with the two stud-

ies that found a positive correlation between midlife TC and incidence

of MCI.20,30 Nonetheless, this review did not find a significant rela-

tionship between HDL and incident dementia, consistent with the

findings of Zhu et al., although they did not specifically examine levels

at midlife.39

5.1 Strengths and limitations

The strengths of our review include a comprehensive search strategy

that incorporated relevant lipid and dementia subtypes, a the over 1.2

million patients enrolled across six countries, long follow-up duration,

and overall low risk of bias of included studies. However, the findings

of this review should be interpreted in context of some limitations.

First, asmentioned, a limitednumberof studieswereavailable for some

exposure-disease pairs, and thus results from those analyses should

be seen as hypothesis generating. Second, some studies did not explic-

itly screen for dementia at enrollment, making it difficult to quantify

baseline prevalence, although based on global prevalence rates this

would be low (119 per 100,000 in those <65 years of age).10,49 Like-

wise, the use of lipid-lowering therapy at baseline was inconsistently

reported between included studies, with only 12% of studies report-

ing data on the proportion of patients on lipid-lowering therapy. Given

that the proportion of patients on lipid lowering therapy in studies was

relatively low (9.3% to 20%), exclusion of these studies in sensitivity

analysis may not reflect a true effect of lipid-lowering therapy. Third,

different covariates were used across the studies. The most significant

of these is arguably the APOE genotype, which has an established rela-

tionshipwith dementia.50 In our review, only three studies adjusted for

the APOE ε4 genotype19,30,46; thus, the impact of dyslipidemia as a risk

factor could not be separated entirely from genetic predisposition to

dementia at baseline. In addition, there was heterogeneity in method-

ology between studies, including the use of different thresholds for

dyslipidemia. Finally, owing to the limited nature of the data available

from included studies, it was not possible to define lower TC and LDL

thresholds from which each 1 mmol/L increase in lipid levels were cal-

culated in the continuous analysis. It is possible that an increase in lipid

levels, regardless of a lower threshold, may be associated with increas-

ing dementia risk as highlighted by our results examining high versus

low lipid levels. Until such thresholds have been defined in future stud-

ies, a cautionary approach to public health messaging may be prudent.

Nonetheless, the inclusion of studies with higher lipid cutoffs is likely

to provide a more conservative estimate of effect size. Furthermore,

inclusion of studies with varying cutoff levels is likely to increase sen-

sitivity, in contrast to prior work, which focused on a cutoff of >6.5

mmol/L.10

Owing to the nature of population-based studies, a single lipid mea-

sure was used as a marker for dyslipidemia in all but one included

study.46 Alteration in lipid levels in the period between lipid sampling
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and diagnosis of MCI or dementia, for example, due to lipid-lowering

therapies and/or lifestyle modifications, was not explored in these

studies. Future research may aim to better understand the temporal

behavior of lipids, especially as participants progress through stages

of healthy cognition, aging, and cognitive impairment. More nuanced

analysis may also help to delineate optimal timepoints for lipid sam-

pling and intervention as well as to identify a target lipid level at

which there is negligible added risk of cognitive impairment. Given the

protective nature of high HDL against elevated TC and LDL, the asso-

ciation between HDL cholesterol and cognitive impairment in larger

longitudinal studiesmay provide useful insights as towhether this lipid

subtype is related to the onset of cognitive impairment.

6 CONCLUSION

In conclusion, this review identifies a compelling relationship between

midlife dyslipidemia and increased risk of dementia and MCI. Efforts

to reduce midlife cholesterol have the potential to decrease the total

incidence and prevalence of dementia over time. Future research may

build onour findings by examining the effect ofmidlife interventions on

the temporal behavior of lipids and subsequent lifetime risk of cogni-

tive decline. With reduced risk of disease incidence, it is expected that

significant benefits will be realized in the way of health care cost sav-

ings, alleviated disease burden, and a shift toward preventative policy

and care in cognitive health.
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