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SUMMARY OF RESEARCH 

Dementia prevalence is increasing and represents a major burden for health and social 
services. Establishing modifiable risk factors of dementia risk is a national and global priority. 
The relationship of blood lipids to the risk of developing dementia is unclear. Previous 
research based on small studies suggests that people who have raised lipids in midlife may 
have a higher chance of developing dementia some 20 years later than people with lower 
blood lipid levels. The proposed study will use information from a large number of people in 
the UK to investigate the relationship between lipids and the future risk of developing 
dementia. People aged 40 years or older with a blood lipid reading between 1992 and 2009 
will be selected from the CPRD primary care database. Their recorded development of 
dementia will be investigated, whilst accounting for differences in characteristics (e.g. age, 
gender, etc.). This study will provide information from a very large number of people with a 
sizeable amount of follow-up data which will be representative of the UK population. The 
findings will therefore provide important information to help clarify the relationship 
between blood lipids and dementia. The findings will help to inform preventative strategies 
for dementia. 

OBJECTIVES AND RATIONALE 

The primary objectives of the analysis are to: 

1. Estimate the association between blood total cholesterol (TC), high-density
lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), non-HDL
cholesterol (NHDL) and TC/HDL and future risk of dementia

2. Estimate the age-specific associations between TC, HDL, LDL, NHDL and TC/HDL and
dementia

Secondary aims are to: 

1. Assess the shape of the associations and identify any deviation from a linear
relationship.

2. Identify potential modifiers and confounders of the risk, particularly: myocardial
infarction (MI), stroke, diabetes mellitus, body mass index (BMI), cigarette smoking
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and alcohol consumption, use of lipid lowering agents (statins, fibrates, nicotinic 
acid, bile acid resins) and anti-hypertensive drugs. 
 

By conducting these analyses, we will provide precise results which will clarify the conflicting 
evidence, be usable for disease prediction models, patient management, the planning of 
trials, and support (or refute) hypotheses of pathophysiological mechanisms relating lipids  
with potential modifiers to the development of dementia.    
 
 

BACKGROUND 

The prevalence of dementia is expected to increase by 400% over the next 20 years due to 
the ageing population (1). The prevalence of total cholesterol levels above 5 mmol/l  
remains high in England with 56% of men and 57% of women (2); the maximum level 
suggested for those with vascular disease, diabetes or hypertension who are on drug 
treatment. 
 
Predictive scores have been developed of future dementia risk based on midlife 
hyperchlosterolaemia, among other modifiable risk factors (3). This risk score assesses the 
dementia risk 20 years later in middle–aged people; the elements are 
hypercholesterolaemia , hypertension, obesity,  low education and age ≥ 47 within the 
middle-age range (3). Meanwhile, a United States NIH National Institutes of Health State-of-
the-Science Conference independent panel concluded in 2011 that that there is currently, 
insufficient evidence to draw firm conclusions on the association (4).  
 
Conflicting findings have obscured defining a precise relationship between lipids and 
dementia. Most studies do not show a statistically significant increase in dementia risk from 
higher TC and some indicate a lower risk (5,6). In those which are statistically significant, the 
lower confidence interval is very close to unity, indicating poor precision and results that are 
vulnerable to modest bias. The variety of results may partly have arisen as some studies 
analysed TC as a categorical variable and others per 1 mmol/l or standard deviation increase. 
Also, there was variation in the adjustment for important confounding variables such as 
medical history, smoking, alcohol, blood pressure (BP), BMI and race, and variation in the 
adjustment for competing risks of mortality (6–13). Most of the cohort studies had limited 
power due to relatively small samples and varying durations of follow-up and not allowing 
for reverse causation due to pre-existing disease. Some studies suggest that low HDL may be 
associated with higher risk of dementia (11) and high LDL and increased risk of dementia (7) 
while one study indicated that higher NHDL was associated with a lower risk of dementia (6).  
 
If the association between lipids and dementia were to be confirmed, it cannot be assumed 
that the risks of dementia from lipid levels are similar in different age groups. Indeed, 
studies of TC, LDL and HDL and the well-established risks of myocardial infarction (MI), in 
sufficiently large cohorts or meta-analyses of cohort studies, suggest that this is unlikely to 
be true (14). Furthermore, ischaemic stroke mortality and total stroke mortality have been 
positively associated with TC only in middle age (40-69 years) and only in those with lower 
blood pressure (14) while at older ages or at higher blood pressure levels, TC is not positively 
associated with ischaemic stroke mortality (14). The consequences of differing risks by age 
may have direct implications for patient management, e.g. the need, or otherwise, for 
differing degrees of lowering TC and LDL and raising HDL in the very elderly for the reduction 
in risk of dementia. 
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The mechanisms for how increased TC, LDL and reduced HDL may lead to dementia are 
unknown but may include mechanism related to intracranial atherosclerosis which may 
operate independently of Alzheimer’s pathology or cerebral infarcts (15).  
 
As LDL is often calculated from directly assayed TC and directly assayed HDL, NHDL will also 
be used as a measure of LDL and will be used in joint analyses with other lipid variables (i.e. 
HDL and TC) (14).   We will also collect triglyceride levels, where available, in order to use the 
more accurate Friedwald formula to calculate LDL:  LDL-cholesterol (in mmol/L) = total 
cholesterol—[HDL-cholesterol + (triglycerides/2.17)]. 
 
The proposed study will establish or refute the relationship between the level of lipids (TC, 
HDL, LDL, NHDL and TC/HDL ratio) and future dementia, with large numbers of people 
followed for over 20 years and many thousands of people with the endpoint of dementia. It 
will also describe precisely how the association varies with age and time and whether the 
relationship is linear throughout the range or whether any thresholds exist. Furthermore, it 
will adjust for known confounding factors for dementia, such as MI, stroke, diabetes, 
smoking, and other speculative factors associated with dementia such as BMI (16), alcohol, 
statins and antihypertensive drugs. A recent study in Clinical Practice Research Datalink 
(CPRD) has seriously contradicted previous conflicting research of the relationship of BMI 
with dementia (16), and which subsequently have been supported by three smaller studies 
reported as letters to the Lancet Diabetes & Endocrinology.  
 
The CPRD general practice database has many thousands of cases recorded with a diagnosis 
of dementia, and with the use of TC, HDL, LDL, NHDL and TC/HDL as continuous variables on 
many thousands of people followed at varying lengths for over 20 years should provide 
extremely precise estimates to detect and characterise an association and produce valuable 
new information.   
 
Dementia has been validated as a diagnosis in CPRD and analyses of drugs and dementia in 
CPRD have been published in a number of leading journals (17,18). A recent analysis of BMI 
and dementia risk from CPRD was published in Lancet Diabetes and Endocrinology; this 
study will use a similar approach to assess the association between  lipids (TC, HDL, LDL, 
NHDL) and future risk of dementia (16).  
 
METHODOLOGY 

Study type: Descriptive study 

Study design: A retrospective dynamic cohort design will be employed for patients identified 
from the CPRD UK primary care database 

Study population: 

Cohort inclusion. The analysis will include all patients with at least one record of a lipid value 
(1.75<TC(mmol/l)<20 or 65<TC(mg/dl)<775; 0.25<HDL(mmol/l)<3.25 or 10<HDL(mg/dl)<120; 
0.75<LDL(mmol/l)<8.0 or 30<LDL(mg/dl)<300 (19)) and who were aged 40 years or older 
between 1st January 1992 and 31st December 2009. 1st January 1992 is the date from which 
practices began to be documented as being ‘up-to-standard’ in terms of data collection and 
audit in the database. Use of only data from practices that were deemed to be providing 
data in the manner required by the database provider increases the validity of the data used 
for this analysis. Start of follow-up will be from the time of the first eligible lipid reading 
(after ‘up-to-standard’ date [date at which a practice was considered to be providing data of 
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adequate quality] and with one year of data prior to the date of patients’ lipid reading). 
Follow-up (censoring) for each patient will end at the earliest of the date of the practice’s 
last CPRD data collection, the end of the patient’s record collection (due to death or leaving 
the practice) and the date of the first record of dementia.   

 
A separate 10% random sample of people without lipid readings (and without a diagnosis of 
dyslipidaemia, hyperlipidaemia or hypercholesterolaemia) will also be selected to allow 

comparison with the lipid cohorts for the corresponding covariates. 

Cohort exclusion Patients with a record of dementia prior to the first eligible lipid reading 
will be excluded in the analysis of dementia. 

Sample size: This is an observational study and it is intended that all eligible patients 
selected from CPRD who meet the defined inclusion and exclusion criteria will be included 
for analysis. The sample will be large and more than adequate for the analyses. For example, 
there were over 45,000 incident patients in CPRD identified with dementia between 1992 
and 2013 in a cohort of almost 2 million people followed up for up to 2 decades (16) and we 
anticipate at least 500,000 people with lipid values, given the attention lipid lowering has 
received over the last two decades. A study in CPRD found that lipid levels had been 
measured in approximately 55% of people in the year before the onset of a first stroke, and 
this population is likely to mirror our cohort, so we are confident that there will be at least 
500,000, and very likely many more, with lipid recordings (24).   

 
Depending on the assumptions, a sample size of greater than 500,000 patients will be able 
to detect a difference in the rate of dementia between two groups (e.g. low and high lipids) 
if there is a difference. Therefore, a sample of at least 500,000 patients will be selected. 
 

Incidence rate per 
1,000 patient-years 

5 3 2.4* 1 2.4* 2.4* 

Relative risk# 1.6 1.6 1.6 1.6 1.4 1.2 

Confidence level 95% 95% 95% 95% 95% 95% 

Power 90% 90% 90% 90% 90% 90% 

Total sample size 
required 

30,148 50,384 63,032 151,568 130,956 480,310 

* Source: Qizilbash et al (16) 

# Source: Based on relative risk estimate ranges reported in  several studies reviewed in 
Kloppenborg et al (5). 

 

Outcome definition and measures: We will identify people in the cohort who have Read 
codes for the outcomes of interest in their computerised medical record: dementia. If 
required, patients with dementia will be further classified into Alzheimer’s disease and 
vascular dementia using a validated algorithm (20). The code list and algorithm are included 
in the appendix. 

 

Exposure definition and measures: The exposure will start at the first recorded eligible lipid 
reading.  
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Covariate definition and measures: Potential confounders and effect modifiers at or before 
the first eligible lipid reading for cohort inclusion for dementia will be coded and analysed, 
where available:  

 
➢ Calendar year of first lipid recording  
➢ Age at first lipid recording 
➢ Age at first recording of dementia 
➢ Sex 
➢ Ethnicity (white, south Asian, Black, mixed, other) 
➢ Socioeconomic deprivation (quintiles) 
➢ BMI in kg/m2 (<20, 20-24.9, 25-29.9, 30-34.9, 35-39.9, 40+) 
➢ Systolic blood pressure (quintiles) 
➢ Smoking (current, past, never, unknown) 
➢ Alcohol (never drinker, ex-drinker, current drinker, unknown) 
➢ Vascular disease (MI or stroke: yes, no) 
➢ Diabetes mellitus (yes, no) 
➢ Atrial fibrillation/flutter (yes, no) 
➢ Heart failure (yes, no) 
➢ Chronic obstructive pulmonary disease  (yes, no) 
➢ Drug prescription within an appropriate time window (e.g. 12 months) at or 

prior to the first lipid reading: lipid-lowering agents (statins, fibrates, nicotinic 
acid, bile acid resins)   and anti-hypertensive drugs (thiazide diuretics, β blockers, 
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, 
calcium channel blockers) 

 
In addition, repeat recordings of lipids after the initial reading will be extracted for analysis 
to explore more complex time-relationships between lipids and dementia and to adjust for 
regression dilution bias.  
 
Data collection and management: The data will be extracted from the CPRD database. CPRD 
contains computerised health care information from over 680 general practices since 1987 
on over 15 million patients. However, auditing of the data collection from practices began in 
1992. Two large validation studies determined that information on all patient referrals and 
hospitalisations was recorded on the computer over 90% of the time (21,22).  
 
Validation procedures: The codes chosen to select the outcomes will seek to enhance 
specificity at the expense of sensitivity, as we will not validate the diagnosis by recourse to 
the original GP records. Validation of this data source has previously been conducted for a 
wide range of conditions (21,22) and specifically for dementia (17). The algorithm we will 
use for classifying Alzheimer’s disease and vascular dementia has recently been validated 
(20).  
 
Data analysis: 
We will present the characteristics of the selected cohort. Similar to the methods conducted 
recently for an analysis of BMI and dementia (16), we will assess evidence of the association 
between lipids and future diagnosis of dementia using survival techniques:   

• We will conduct Poisson regression analyses to estimate the magnitude of any 
associations between lipids and risk of dementia.   

• We will assess incidence rates of dementia by appropriate baseline categories of TC 
(<4.5, 4.5-, 5.5-, 6.5-, 7.5-, ≥8.5 mmol/l), HDL (<1.0, 1.0-, 1.25-, ≥1.5 mmol/L), HDL 
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((4.0, 4.0-, 5.0-, ≥6.0 mmol/L), NHDL (4.0, 4.0-, 5.0-, ≥6.0 mmol/L) and baseline 
total/HDL (<4.25, 4.25-, 5.5-, ≥6.75 mmol/L), stratified by age and sex categories.  

• Rates of dementia in the first year after the first lipid reading will be compared with 
rates in subsequent years (0-1 year, 1-5 years, 5-9 years, 10-15 years, 15+ year) and 
by calendar year. 

• Specifically, rates of dementia by time since lipid measurement in those aged <55 at 
the time of lipid measurement by a period of follow-up of greater than 15 years will 
be analysed.  

• Lipids will also be analysed as continuous variables. 

• We will assess the role of covariates as potential confounders and effect modifiers. 
This will be done by including them as additional predictor variables in the Poisson 
regression model. Appropriate interaction terms with lipids will also be included to 
explore their role as potential effect modifiers. Particular covariates of interest 
include the following:  

o Calendar year (5 year intervals) 
o Age (40-49, 50-59, 60-69, 70-79, >= 80) 
o Sex (M, F) 
o Ethnicity (White, south Asian, Black, Mixed, other) 
o Socioeconomic deprivation in English practices only (quintiles) 
o BMI in kg/m2 (<20, 20-24.9, 25-29.9, 30-34.9, 35-39.9, 40+) 
o Systolic BP (quintiles) 
o Smoking (current, past, never, unknown) 
o Alcohol (never drinker, ex-drinker, current drinker, unknown) 
o Vascular disease (MI or stroke: yes, no) 
o Diabetes mellitus (yes, no) 
o Atrial fibrillation/flutter (yes, no) 
o Heart failure (yes, no) 
o Chronic obstructive pulmonary disease  (yes, no) 

➢ Drug prescription within an appropriate time window (e.g. 12 months) at or 
prior to the first lipid reading: lipid-lowering agents (statins, fibrates, nicotinic 
acid, bile acid resins)   and anti-hypertensive drugs (thiazide diuretics, β blockers, 
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, 
calcium channel blockers) 

• Adjustment for regression dilution bias may be made. 
 
We will present the characteristics of the selected non-lipid cohort and compare the lipid 
and non-lipid cohorts by baseline covariates. 
 
The STATA statistical package will be used for analysis. 

LIMITATIONS 

The design described above has been performed on baseline BMI and dementia and total 
mortality, demonstrating the appropriateness of the design, data source and statistical 
analysis. Studies have been conducted successfully in dementia using this large primary care 
database (16–18, 20, 23). The analysis will advance substantially previous work and clarify 
the confusion because of its large size, long follow-up and widespread generalisability to the 
general population.    

 
Confounding:  Several potential confounders will be controlled for but others such as 
exercise are not available and others with missing data may result in residual confounding.  
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Bias: Systematic bias from regression dilution (misclassification of the exposure from only 
one reading, operating in many protocol driven prospective cohort studies) may be 
corrected for in the analysis. Examination of dementia rates across calendar years will help 
to assess surveillance bias. Loss to follow-up will be examined (16). Competing risk of death 
will be allowed for in the analysis (16). Birth cohort effects will be examined (16). 
 
Misclassification: The limited ability to distinguish reliably between subtypes of dementia 
may underestimate an association of lipids and dementia risk, if there is an association with 
only one major subtype of dementia. This may be explored with analyses of the two major 
types of dementias, Alzheimer’s disease and vascular dementia. We will use a validated  
algorithm used in a recent study in CPRD (20) to identify the two major types of dementias 
described in the appendix. In 79% of Alzheimer’s disease cases confirmation was obtained 
from the general practitioner and in 75% of vascular dementia cases.   
 
Missing data: There may be missing data of variable magnitude for several covariates, such 
as ethnicity, BMI, smoking and alcohol. This may leave some residual confounding but again 
the nature of the dose-relationship of this analysis may help against these kind of missing 
data. We will conduct sensitivity analyses for those patients with complete covariate data to 
assess this source of potential bias. Imputation methods may be used depending on the 
pattern of missing data. 
 
Reverse causation: We will assess potential reverse causation by examining dementia rates 
by time from the initial lipid recording.                     
                                    
Generalisibility: As lipids may have been selectively recorded, especially before 2004 when 
the Quality and Outcomes Framework was introduced in UK general practice, we will 
conduct analyses of lipids recordings before and after 2004 (16). We will conduct stratified 
analyses by certain baseline co-variates, such as MI, stroke, diabetes mellitus, SBP, BMI and 
statin use to assess the robustness of the associations as an indirect test of generalisability. 
We will also compare lipid levels with population surveys in the UK. A random sample pf 
people without lipid readings will be compared with the lipid cohort for baseline age, sex, 
ethnicity etc, to assess the degree of selectiveness of the lipid cohort.        

 

PATIENT CONFIDENTIALITY 

All data provided by the database provider (CPRD) are completely anonymised.  

 
PLANS FOR DISSEMINATING AND COMMUNICATING STUDY RESULTS 

It is intended that the results of the planned study will be used as a basis for presentations at 
international conferences and publication(s) in peer-reviewed journal(s). We adhere to the 
Guidelines for Good Pharmacoepidemiology Practices 
(http://www.pharmacoepi.org/resources/guidelines_08027.cfm) in order to help ensure the 
quality and integrity of pharmacoepidemiologic research and to provide adequate 
documentation of research methods and results. We adhere to international guidelines on 
authorship (http://www.icmje.org/ethical_1author.html). 

http://www.pharmacoepi.org/resources/guidelines_08027.cfm
http://www.icmje.org/ethical_1author.html
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APPENDIX 
 
Code list: dementia 
 

Read code Description 

e00..12 senile/presenile dementia 

f110.00 alzheimer's disease 

eu01.00 [x]vascular dementia 

eu02z00 [x] unspecified dementia 

e00..11 senile dementia 

e000.00 uncomplicated senile dementia 

eu00.00 [x]dementia in alzheimer's disease 

1461 h/o: dementia 

eu02z14 [x] senile dementia nos 

eu00z11 [x]alzheimer's dementia unspec 

e004.11 multi infarct dementia 

e004.00 arteriosclerotic dementia 

eu02500 [x]lewy body dementia 

e001.00 presenile dementia 

f116.00 lewy body disease 

eu02300 [x]dementia in parkinson's disease 

e041.00 dementia in conditions ec 

eu00112 [x]senile dementia,alzheimer's type 

eu01100 [x]multi-infarct dementia 

eu01.11 [x]arteriosclerotic dementia 

eu00200 [x]dementia in alzheimer's dis, atypical or mixed type 

eu00z00 [x]dementia in alzheimer's disease, unspecified 

e012.11 alcoholic dementia nos 

e002100 senile dementia with depression 

f110100 alzheimer's disease with late onset 

eu02.00 [x]dementia in other diseases classified elsewhere 

eu01z00 [x]vascular dementia, unspecified 

f110000 alzheimer's disease with early onset 

e002000 senile dementia with paranoia 

eu00100 [x]dementia in alzheimer's disease with late onset 

eu10711 [x]alcoholic dementia nos 

eu01300 [x]mixed cortical and subcortical vascular dementia 

f111.00 pick's disease 

e003.00 senile dementia with delirium 

e004z00 arteriosclerotic dementia nos 

e002.00 senile dementia with depressive or paranoid features 

eu00000 [x]dementia in alzheimer's disease with early onset 

e001z00 presenile dementia nos 

eu02z16 [x] senile dementia, depressed or paranoid type 

eu02200 [x]dementia in huntington's disease 
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Read code Description 

eu01200 [x]subcortical vascular dementia 

e001200 presenile dementia with paranoia 

eu02000 [x]dementia in pick's disease 

eu01y00 [x]other vascular dementia 

e004000 uncomplicated arteriosclerotic dementia 

e001300 presenile dementia with depression 

eu02z13 [x] primary degenerative dementia nos 

e012.00 other alcoholic dementia 

e004300 arteriosclerotic dementia with depression 

eu00113 [x]primary degen dementia of alzheimer's type, senile onset 

eu02z11 [x] presenile dementia nos 

e001100 presenile dementia with delirium 

eu04100 [x]delirium superimposed on dementia 

eu02100 [x]dementia in creutzfeldt-jakob disease 

eu00011 [x]presenile dementia,alzheimer's type 

eu02y00 [x]dementia in other specified diseases classif elsewhere 

eu01000 [x]vascular dementia of acute onset 

e004200 arteriosclerotic dementia with paranoia 

e002z00 senile dementia with depressive or paranoid features nos 

e001000 uncomplicated presenile dementia 

eu01111 [x]predominantly cortical dementia 

eu00111 [x]alzheimer's disease type 1 

e02y100 drug-induced dementia 

eu02400 [x]dementia in human immunodef virus [hiv] disease 

e004100 arteriosclerotic dementia with delirium 

eu00012 [x]primary degen dementia, alzheimer's type, presenile onset 

eu00013 [x]alzheimer's disease type 2 

fyu3000 [x]other alzheimer's disease 

  
 

 
Identification of Alzheimer’s disease requires one of the following (20): 

• A diagnosis of Alzheimer’s disease followed by at least one prescription for an 
Alzheimer’s disease drug or vice versa; 

• A diagnosis of unspecific dementia followed by at least two prescriptions for an 
Alzheimer’s disease drug or vice versa; 

• At least two recordings of an Alzheimer’s disease diagnosis 

• A diagnosis of Alzheimer’s disease after a specific dementia test, a referral to a 
specialist, or an assessment based on neuroimaging 

• A diagnosis of Alzheimer’s disease preceded or followed by any recorded dementia 
symptoms 
 

AND exclusion of: 

• Alzheimer’s disease with a recording of any other specific dementia 

• Alzheimer’s disease with a recording of stroke within two years prior to the date 
of the Alzheimer’s disease 
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Identification of vascular dementia requires one of the following (20): 

• A diagnosis of vascular dementia or unspecific dementia within two years of a stroke  

• At least two recordings of an vascular dementia diagnosis 

• A diagnosis of vascular dementia after a specific dementia test, a referral to a 
specialist, or an assessment based on neuroimaging 

• A diagnosis of vascular dementia preceded or followed by any recorded dementia 
symptoms 

 
AND exclusion of: 

• Vascular dementia with a recording of any other specific dementia 

• Vascular dementia with a prescription of a specific drug for Alzheimer’s disease 
 

 




