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4. Rationale:  

 

Dementia affects about 14.7% of people ≥ 70 years of age(1) and is the 6
th
 leading cause of death 

in the US.(2) In 2010, the total monetary cost of dementia was between $157 and $215 billion.(1) 

Cardiovascular disease (CVD)(3-12) is associated with dementia and cognitive decline. The 

association is particularly strong after a clinical stroke(13) or subclinical vascular brain 

injury.(13-15) There is also an association between amyloid- (A) brain burden and CV risk 

factors.(16) Elevated cerebral A level is associated with a cholesterol distribution pattern similar 

to that seen in coronary heart disease (CHD).(17) Cerebrovascular disease is also associated with 

pathologically confirmed Alzheimer’s disease (AD).(18,19)  

 

Lipoprotein particles such as Lipoprotein (a) [Lp(a)](20-22) and enzymes such as lipoprotein-

associated phospholipase A2 (Lp-PLA2)(23) are independently associated with CVD, and small 

dense low-density lipoproteins (sd-LDL) are atherogenic particles that are associated with higher 

plaque burden(24) and identification of vascular disease in individuals with lower values of LDL-

C.(25) Lp(a) is also implicated in subclinical atherosclerosis(26-28) and possibly in abnormal 

hemostasis.
49

 Lp(a) was not shown to be associated with poorer cognitive performance or with 

cognitive decline in 435 white individuals over 3 years of follow-up.(29) In smaller case–control 

studies (n=108 to 412), Lp(a) was significantly elevated in individuals with vascular 

dementia(30-32) and AD.(32-34) Lp-PLA2 is a proinflammatory enzyme secreted by 

inflammatory cells in atherosclerotic plaques,(35,36) and it is primarily bound to LDL in the 

circulation.(37) There are conflicting reports of the association of Lp-PLA2 with dementia and 

AD.(38-40) sd-LDL easily enter the arterial wall, undergo increased localized retention, and 

exhibit enhanced oxidizability.(41-43) sd-LDL are associated with vascular dementia in 134 

subjects in a case–control study.(44) In summary, data suggest that these lipid biomarkers are 

involved in subclinical and overt brain injury by enhancing atherosclerosis, thrombosis, 

inflammation, microvascular dysfunction, and hypoperfusion, and hence a role in cognitive loss 

and clinical dementia can be hypothesized. The existing data so far are limited by smaller sample 

sizes, mostly from populations outside the US, and case-control or cross-sectional design, and 

have shown conflicting results. 

 

Neurocognitive data were collected at ARIC visits 4 and 5 by trained examiners following 

standard protocols. Cognitive status at ARIC visits 4 and 5 – as well as domain-specific cognitive 

decline between these examinations 15 years apart – were assessed using the Delayed Word 

Recall Test (DWRT), Digit-Symbol Substitution Test (DSST) and Word Fluency Test (WFT), 

and a global score summarizing performance on these three tests. DWRT, DSST and WFT are 

tests of recent memory; executive function and processing speed; and of expressive language, 

respectively.(45) Higher scores reflect better cognitive function. Unmeasured confounders like 

cultural factors are less likely to influence changes in cognitive scores based on serial cognitive 

tests.(46)  

At visit 5, the ARIC Neurocognitive Study (NCS) ascertained and diagnosed mild cognitive 

impairment (MCI), dementia and its subtypes based on a rigorous process including, but not 

limited to performance on tests of several cognitive domains, with standardization using age, 

education, and race-based norms, informant interview using the Clinical Dementia Rating Scale, 

and expert adjudication for the presence of normal cognition, MCI and dementia, as well as 

subtypes. For those who did not attend visit 5, additional dementia and MCI were identified with 



information obtained by telephone interview, informant interview, hospitalization ICD-9 codes or 

diagnoses from the Medicare billing claims database. Therefore ARIC visit 5
th
 provides an 

opportunity to assess a more clear and comprehensive neurocognitive information on the 

association of biomarkers with dementia and its sub-types. In addition, we will be able to 

examine the prospective association of change in cognitive function between visits 4 and 5. 

Therefore we propose to evaluate the relationship of Lp(a), Lp-PLA2 activity and sdLDL-C 

(which were all collected at ARIC visit 4) to cognitive decline, MCI and dementia in about 6,538 

ARIC participants in their 7
th
 to 9

th
 decades of life who attended visits 4 and 5. 

 

5. Main Hypothesis/Study Questions: 

 

Higher levels of specialized lipoprotein biomarkers [Lp (a), Lp-PLA2 activity, and sd-LDL] in 

middle aged and older adults at ARIC visit 4 are associated with cognitive decline, and with 

increased odds of dementia or MCI, with a stronger association for the vascular component.  

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, and 

any anticipated methodologic limitations or challenges if present). 

 

Variables: 

 

Information on covariates, including but not limited to demographics, blood lipids, vascular risk 

factors and other health conditions, socioeconomic indicators, apo-lipoprotein (APO) E genotype 

status was obtained at visit 4, except for education, which was obtained at visit 1. 

 

Inclusion and exclusion criteria:  

 

ARIC participant attending either visits 4 and 5 will be included. We will exclude those with 

missing information on Lp (a), Lp-PLA2 activity, and sd-LDL, education, cognitive test scores, 

prevalent dementia; neurological conditions at visits 4 or 5 that may confound incident dementia 

diagnosis, such as multiple sclerosis, Parkinson’s disease, brain tumor, cranial radiation and 

surgery.  

 

Independent variable:   

 

Lipid and lipoprotein variables: Lp(a), Lp-PLA2 activity, and sd-LDL-C at visit 4.  

 

Dependent variable:  

 

Changes in test specific (DWRT, DSST and WFT) and global Z-scores between visits V4 and 

V5; and visit 5 adjudicated diagnoses of dementia or MCI and its subtypes. We will allow for 

additional dementia cases currently being ascertained using various methods as described above. 

 

Analysis plan:  

 

We will test the association of lipoprotein markers with changes in test specific (DWRT, DSST 

and WFT) and global Z-scores between visits 4 and 5 using generalized estimating equation. 

Ordinal logistic regression analysis will be used to compare normal cognition, MCI and dementia. 

Proportional odds assumption will be verified, and if not satisfied, we will consider using 

multinomial logistic model. Comparison will be using per standard deviation increase and 

alternatively using tertile-based analysis of the biomarkers. In a multivariate model, adjustment 



will be made for age, gender, race/ARIC site, education, occupation, area-level socioeconomic 

status (SES), diabetes, APOE genotype status, hypertension, statin use, BMI, a summary of 

healthy diet, physical activity, health care utilization variables, alcohol use and smoking. In a 

final model, we will additionally adjust for total cholesterol/HDL-C ratio to examine the effect of 

the standard lipid traits on the association of the specialized lipoproteins with our outcomes. 

Race, gender, time in study and education each will be assessed as effect modifiers, and if 

significant interaction is present, we will consider a stratified analysis. Furthermore, in sensitivity 

analysis we will exclude individuals who develop CHD or stroke between visits 4 and 5. We will 

also consider using changes in raw cognitive test score as our outcome. We will repeat the 

analysis after excluding those with lowest 5% cognitive scores on each test at visit 4 to assess the 

effect of removing scores that have restricted ability to show decline. Analysis will be 

coordinated with the ARIC NCS analysis workgroup. 

 

 Attrition of the cohort during the time elapsed between visit 4 and 5 is considerable, and likely 

influenced by cognitive status. As a result, ARIC visit 5 participants represent a healthier sub-

cohort of the visit 4 examinees, which must be assumed to introduce bias. We will work closely 

with the NCS analysis group to implement one or more analytic approach(es) to take attrition into 

account, per the current recommendations from the NCS analysis group to ARIC investigators.  

 

7.a. Will the data be used for non-CVD analysis in this manuscript? ____ Yes    __X__ No 

 

 b. If Yes, is the author aware that the file ICTDER03 must be used to exclude persons 

with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA 

analysis RES_DNA = “CVD Research” would be used?  ____ Yes    ____ No 

(This file ICTDER has been distributed to ARIC PIs, and contains  

the responses to consent updates related to stored sample use for research.) 

 

8.a. Will the DNA data be used in this manuscript? __ X __ Yes    ____ No 

 

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the file ICTDER03 must be used to exclude those with value 

RES_DNA = “No use/storage DNA”? __ X __ Yes    ____ No 

 

9. The lead author of this manuscript proposal has reviewed the list of existing ARIC 

Study manuscript proposals and has found no overlap between this proposal and 

previously approved manuscript proposals either published or still in active status.  
ARIC Investigators have access to the publications lists under the Study Members Area of the 

web site at:  http://www.cscc.unc.edu/ARIC/search.php 

 

__X__ Yes     _______ No 

 

10. What are the most related manuscript proposals in ARIC (authors are encouraged to 

contact lead authors of these proposals for comments on the new proposal or 

collaboration)? 

 

#2200r Melinda Power et al: Lipids, statins, and dementia: The ARIC-Neurocognitive Study 

#2201r Melinda Power et al: Lipids, stains, and 20-year cognitive change: The ARIC-

Neurocognitive Study 

 

Melinda Power will be working closely with the current study and we will coordinate our work to 

make sure there is no overlap. 

http://www.cscc.unc.edu/ARIC/search.php


11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 

ancillary study data? __X__ Yes    ____ No 

 

11.b. If yes, is the proposal  

___  A. primarily the result of an ancillary study (list number* _________) 

__X__  B. primarily based on ARIC data with ancillary data playing a minor role 

(usually control variables; list number(s)* 2014.04, 2010.12, 2009.06) 

 

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/   

 

12a. Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 

approval, the manuscript proposal will expire. 

 

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 

has access to the published results of NIH funded research.  It is your responsibility to upload 

manuscripts to PUBMED Central whenever the journal does not and be in compliance with this 

policy.  Four files about the public access policy  from http://publicaccess.nih.gov/ are posted in 

http://www.cscc.unc.edu/aric/index.php, under  Publications, Policies & Forms. 

http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals automatically 

upload articles to Pubmed central. 

 

 

Reference:  
 
1. Hurd MD, Martorell P, Delavande A, Mullen KJ, Langa KM. Monetary costs of dementia in the 

United States. The New England journal of medicine 2013;368:1326-34. 

2. Thies W, Bleiler L. 2013 Alzheimer's disease facts and figures. Alzheimer's & dementia : the 

journal of the Alzheimer's Association 2013;9:208-45. 

3. Douiri A, McKevitt C, Emmett ES, Rudd AG, Wolfe CD. Long-term effects of secondary 

prevention on cognitive function in stroke patients. Circulation 2013;128:1341-8. 

4. Douiri A, Rudd AG, Wolfe CD. Prevalence of poststroke cognitive impairment: South London 

Stroke Register 1995-2010. Stroke; a journal of cerebral circulation 2013;44:138-45. 

5. Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors associated with pre-stroke and 

post-stroke dementia: a systematic review and meta-analysis. Lancet neurology 2009;8:1006-18. 

6. Sharp SI, Aarsland D, Day S, Sonnesyn H, Ballard C. Hypertension is a potential risk factor for 

vascular dementia: systematic review. International journal of geriatric psychiatry 2011;26:661-9. 

7. Toledo JB, Arnold SE, Raible K et al. Contribution of cerebrovascular disease in autopsy 

confirmed neurodegenerative disease cases in the National Alzheimer's Coordinating Centre. 

Brain : a journal of neurology 2013;136:2697-706. 

8. Reis JP, Launer LJ, Terry JG et al. Subclinical atherosclerotic calcification and cognitive 

functioning in middle-aged adults: the CARDIA study. Atherosclerosis 2013;231:72-7. 

9. Wendell CR, Waldstein SR, Ferrucci L, O'Brien RJ, Strait JB, Zonderman AB. Carotid 

atherosclerosis and prospective risk of dementia. Stroke; a journal of cerebral circulation 

2012;43:3319-24. 

10. Arntzen KA, Schirmer H, Johnsen SH, Wilsgaard T, Mathiesen EB. Carotid atherosclerosis 

predicts lower cognitive test results: a 7-year follow-up study of 4,371 stroke-free subjects - the 

Tromso study. Cerebrovascular diseases (Basel, Switzerland) 2012;33:159-65. 

11. Yukutake T, Yamada M, Fukutani N et al. Arterial Stiffness Determined According to the Cardio-

Ankle Vascular Index (CAVI) is Associated with Mild Cognitive Decline in Community-Dwelling 

Elderly Subjects. Journal of atherosclerosis and thrombosis 2013. 

http://www.cscc.unc.edu/aric/forms/
http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm


12. Makin SD, Turpin S, Dennis MS, Wardlaw JM. Cognitive impairment after lacunar stroke: 

systematic review and meta-analysis of incidence, prevalence and comparison with other stroke 

subtypes. Journal of neurology, neurosurgery, and psychiatry 2013;84:893-900. 

13. Gorelick PB, Scuteri A, Black SE et al. Vascular contributions to cognitive impairment and 

dementia: a statement for healthcare professionals from the american heart association/american 

stroke association. Stroke; a journal of cerebral circulation 2011;42:2672-713. 

14. Roher AE, Tyas SL, Maarouf CL et al. Intracranial atherosclerosis as a contributing factor to 

Alzheimer's disease dementia. Alzheimer's & dementia : the journal of the Alzheimer's 

Association 2011;7:436-44. 

15. Yarchoan M, Xie SX, Kling MA et al. Cerebrovascular atherosclerosis correlates with Alzheimer 

pathology in neurodegenerative dementias. Brain : a journal of neurology 2012;135:3749-56. 

16. Toledo JB, Toledo E, Weiner MW et al. Cardiovascular risk factors, cortisol, and amyloid-beta 

deposition in Alzheimer's Disease Neuroimaging Initiative. Alzheimer's & dementia : the journal 

of the Alzheimer's Association 2012;8:483-9. 

17. Reed B, Villeneuve S, Mack W, Decarli C, Chui HC, Jagust W. Associations Between Serum 

Cholesterol Levels and Cerebral Amyloidosis. JAMA neurology 2013. 

18. Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner PA, Markesbery WR. Brain infarction 

and the clinical expression of Alzheimer disease. The Nun Study. JAMA : the journal of the 

American Medical Association 1997;277:813-7. 

19. Bennett DA, Wilson RS, Arvanitakis Z, Boyle PA, de Toledo-Morrell L, Schneider JA. Selected 

findings from the Religious Orders Study and Rush Memory and Aging Project. Journal of 

Alzheimer's disease : JAD 2013;33 Suppl 1:S397-403. 

20. Kronenberg F, Utermann G. Lipoprotein(a): resurrected by genetics. Journal of internal medicine 

2013;273:6-30. 

21. Erqou S, Kaptoge S, Perry PL et al. Lipoprotein(a) concentration and the risk of coronary heart 

disease, stroke, and nonvascular mortality. JAMA : the journal of the American Medical 

Association 2009;302:412-23. 

22. Bennet A, Di Angelantonio E, Erqou S et al. Lipoprotein(a) levels and risk of future coronary 

heart disease: large-scale prospective data. Archives of internal medicine 2008;168:598-608. 

23. Thompson A, Gao P, Orfei L et al. Lipoprotein-associated phospholipase A(2) and risk of 

coronary disease, stroke, and mortality: collaborative analysis of 32 prospective studies. Lancet 

2010;375:1536-44. 

24. Voros S, Joshi P, Qian Z et al. Apoprotein B, Small-Dense LDL and Impaired HDL Remodeling 

Is Associated With Larger Plaque Burden and More Noncalcified Plaque as Assessed by Coronary 

CT Angiography and Intravascular Ultrasound With Radiofrequency Backscatter: Results From 

the ATLANTA I Study. Journal of the American Heart Association 2013;2:e000344. 

25. Tsai MY, Steffen BT, Guan W et al. New automated assay of small dense low-density lipoprotein 

cholesterol identifies risk of coronary heart disease: the multi-ethnic study of atherosclerosis. 

Arteriosclerosis, thrombosis, and vascular biology 2014;34:196-201. 

26. Schreiner PJ, Morrisett JD, Sharrett AR et al. Lipoprotein[a] as a risk factor for preclinical 

atherosclerosis. Arteriosclerosis and thrombosis : a journal of vascular biology / American Heart 

Association 1993;13:826-33. 

27. Schreiner PJ. Lipoprotein(a) as a risk factor for preclinical atherosclerotic disease in a biracial 

cohort: the Atherosclerosis Risk in Communities (ARIC) Study. Chemistry and physics of lipids 

1994;67-68:405-10. 

28. Brown SA, Morrisett JD, Boerwinkle E, Hutchinson R, Patsch W. The relation of lipoprotein[a] 

concentrations and apolipoprotein[a] phenotypes with asymptomatic atherosclerosis in subjects of 

the Atherosclerosis Risk in Communities (ARIC) Study. Arteriosclerosis and thrombosis : a 

journal of vascular biology / American Heart Association 1993;13:1558-66. 

29. Sarti C, Pantoni L, Pracucci G, Di Carlo A, Vanni P, Inzitari D. Lipoprotein(a) and cognitive 

performances in an elderly white population: Cross-sectional and follow-up data. Stroke; a journal 

of cerebral circulation 2001;32:1678-83. 

30. Ray L, Khemka VK, Behera P et al. Serum Homocysteine, Dehydroepiandrosterone Sulphate and 

Lipoprotein (a) in Alzheimer's Disease and Vascular Dementia. Aging and disease 2013;4:57-64. 

31. Urakami K, Wada-Isoe K, Wakutani Y et al. Lipoprotein(a) phenotypes in patients with vascular 

dementia. Dementia and geriatric cognitive disorders 2000;11:135-8. 



32. Emanuele E, Peros E, Tomaino C et al. Apolipoprotein(a) null phenotype is related to a delayed 

age at onset of Alzheimer's disease. Neuroscience letters 2004;357:45-8. 

33. Emanuele E, Peros E, Tomaino C et al. Relation of apolipoprotein(a) size to alzheimer's disease 

and vascular dementia. Dementia and geriatric cognitive disorders 2004;18:189-96. 

34. Solfrizzi V, Panza F, D'Introno A et al. Lipoprotein(a), apolipoprotein E genotype, and risk of 

Alzheimer's disease. Journal of neurology, neurosurgery, and psychiatry 2002;72:732-6. 

35. Kolodgie FD, Burke AP, Skorija KS et al. Lipoprotein-associated phospholipase A2 protein 

expression in the natural progression of human coronary atherosclerosis. Arteriosclerosis, 

thrombosis, and vascular biology 2006;26:2523-9. 

36. Mannheim D, Herrmann J, Versari D et al. Enhanced expression of Lp-PLA2 and 

lysophosphatidylcholine in symptomatic carotid atherosclerotic plaques. Stroke; a journal of 

cerebral circulation 2008;39:1448-55. 

37. Stafforini DM, Tjoelker LW, McCormick SP et al. Molecular basis of the interaction between 

plasma platelet-activating factor acetylhydrolase and low density lipoprotein. The Journal of 

biological chemistry 1999;274:7018-24. 

38. van Himbergen TM, Beiser AS, Ai M et al. Biomarkers for insulin resistance and inflammation 

and the risk for all-cause dementia and alzheimer disease: results from the Framingham Heart 

Study. Archives of neurology 2012;69:594-600. 

39. Davidson JE, Lockhart A, Amos L et al. Plasma lipoprotein-associated phospholipase A2 activity 

in Alzheimer's disease, amnestic mild cognitive impairment, and cognitively healthy elderly 

subjects: a cross-sectional study. Alzheimer's research & therapy 2012;4:51. 

40. van Oijen M, van der Meer IM, Hofman A, Witteman JC, Koudstaal PJ, Breteler MM. 

Lipoprotein-associated phospholipase A2 is associated with risk of dementia. Annals of neurology 

2006;59:139-44. 

41. de Graaf J, Hak-Lemmers HL, Hectors MP, Demacker PN, Hendriks JC, Stalenhoef AF. 

Enhanced susceptibility to in vitro oxidation of the dense low density lipoprotein subfraction in 

healthy subjects. Arteriosclerosis and thrombosis : a journal of vascular biology / American Heart 

Association 1991;11:298-306. 

42. Chait A, Brazg RL, Tribble DL, Krauss RM. Susceptibility of small, dense, low-density 

lipoproteins to oxidative modification in subjects with the atherogenic lipoprotein phenotype, 

pattern B. The American journal of medicine 1993;94:350-6. 

43. Vakkilainen J, Makimattila S, Seppala-Lindroos A et al. Endothelial dysfunction in men with 

small LDL particles. Circulation 2000;102:716-21. 

44. Watanabe T, Koba S, Kawamura M et al. Small dense low-density lipoprotein and carotid 

atherosclerosis in relation to vascular dementia. Metabolism: clinical and experimental 

2004;53:476-82. 

45. Schneider AL, Sharrett AR, Patel MD et al. Education and cognitive change over 15 years: the 

atherosclerosis risk in communities study. Journal of the American Geriatrics Society 

2012;60:1847-53. 

46. Glymour MM, Weuve J, Berkman LF, Kawachi I, Robins JM. When is baseline adjustment useful 

in analyses of change? An example with education and cognitive change. American journal of 

epidemiology 2005;162:267-78. 

 

 


