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Abstract

Background—Centenarians with normal cognitive function have a “longevity phenotype”

characterized by large low-density lipoproteins (LDL) and high-density lipoproteins (HDL) and

low incidence of metabolic syndrome, hypertension, and cognitive impairment. Alzheimer’s

disease (AD) is associated with a number of cardiovascular risk factors, but it is not known if they

have or lack the “longevity phenotype”.

Objective—The study was designed to determine LDL size and body fat content and distribution

in subjects with mild cognitive impairment (MCI) and AD.

Results—Fifty-eight persons with MCI or AD (cases) and 42 control subjects of similar age had

measurement of LDL size and lipoprotein lipids after a 12 h fast and analysis of body composition

by dual x-ray absorptiometry. Cases had small LDL size more often than controls (73% versus

66%) associated with significantly higher triglycerides, lower HDL cholesterol, and higher

triglyceride/HDL cholesterol ratio (p ≤ 0.02). Cases with large LDL had a better lipoprotein

profile than those with small LDL. Cases and controls had similar percent body fat, fat index, and

lean mass index. Forty-seven percent of cases and 39% of controls were obese.

Conclusion—The prevalence of small LDL phenotype in MCI and AD cases contrasts with the

“longevity phenotype” reported for centenarians with preserved cognitive function. The small

LDL phenotype is an atherogenic lipoprotein profile found in metabolic syndrome, type 2

diabetes, and insulin resistance. It is now also reported in persons with MCI and AD.
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INTRODUCTION

Alzheimer’s disease (AD) is associated with risk factors for cardiovascular disease but it is

unclear how these risk factors contribute to AD [1] and if they may be targets for therapeutic

intervention. Mid-life risk factors for cardiovascular disease are also associated with the

incidence of AD [2]. The CAIDE study, for example, showed that midlife obesity, high total

cholesterol level, and high systolic blood pressure were all significant risk factors for

dementia and that the risks were additive [3]. In recent years, there has also been an interest

in the role of insulin resistance on cognition since some evidence suggests that type 2

diabetes is a risk factor for AD [4, 5]. All of these studies suggest that clustering of

metabolic risk factors for cardiovascular disease may be causally related to AD. Many of

these clusters start at mid-life and continue through late life.

Of interest, the center piece of cardiovascular disease risk is low density lipoprotein (LDL);

high levels impart risk. However, large LDL and HDL, designated as “longevity

phenotype”, are frequently found in centenarians [6] who have a low risk. The phenotype is

also associated with homozygozity for a genetic variant of cholesterol ester transfer protein

(CETP) (VV homozygosity for 1405 V) and with preservation of cognitive function [7], e.g.,

Mini-Mental State Examination score ≤25 points. More recently it has been shown that the

offspring of persons with exceptionally great longevity (age at death at age 85 or greater)

have significantly lower incidence of AD than persons with shorter parental life spans

(hazard ratio = 0.57, 95% CI = 0.35–0.93) after adjusting for several concomitant risk

factors [8]. In contrast, small LDL is part of the “atherogenic dyslipidemia” that includes

high triglycerides and reduced HDL C [9]. Small LDL also exhibit familial trends [10] and

impart risk for cardiovascular disease and/or type 2 diabetes mellitus [11].

In this study we examine LDL size and metabolic concomitants for two reasons: 1) large

LDL has been associated with a “longevity phenotype” and 2) small LDL has been

associated with a “pro-atherogenic lipoprotein phenotype” frequently associated with insulin

resistance and central obesity. Because of the epidemiologic data linking AD to

dyslipidemia, we compared lipoprotein phenotypes and measures of body fat and its

distribution in persons with mild cognitive impairment (MCI) and AD to age-matched

control subjects to see if differences were detectable in MCI and early AD subjects. In the

current study, we tested the hypotheses that the prevalence of large LDL would be lower in

persons with MCI or early AD than in age-matched controls and that the proportion and

distribution of body fat would differ in MCI and AD subjects from controls. We included

persons with MCI because it is thought of as a transitional state to AD, which would be the

ideal point for therapeutic intervention.

MATERIALS AND METHODS

One hundred subjects were recruited from the UT Southwestern Alzheimer’s Disease

Center. “Cases” included both MCI and AD subjects, a total of 24 women and 34 men.

Controls included 25 women and 17 men. Approximately one third of cases met criteria for

mild, sporadic AD (Clinical Dementia Rating = 1.0), and the rest met criteria for MCI (CDR

= 0.5). Controls were cognitively normal (CDR = 0).

Vikarunnessa et al. Page 2

J Alzheimers Dis. Author manuscript; available in PMC 2014 July 04.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



AD subjects had a diagnosis of probable AD based on the criteria of McKhann et al. [12]

and a Clinical Dementia Rating [13] score of 1 or greater. The diagnosis of mild cognitive

impairment was made by consensus according to the criteria of Petersen et al. [14] and a

Clinical Dementia Rating of 0.5. Subject demographics are summarized in Table 1.

The study had a cross-sectional design. Volunteers had fasting blood drawn for

measurement of LDL size (Lipoprint from Quantimetrix) and plasma lipids and lipoprotein

cholesterol [15]; they also had assessment of body composition by dual-x ray

absorptiometry (DXA) using the Discovery W. Images were analyzed with Apex 3.3

software as previously detailed [16].

This study was approved by the Institutional Review Board of the University of Texas

Southwestern Medical Center. All participants gave written informed consent to participate

in the study.

Statistical methods

Data are summarized as means ± standard deviation. Data transformation was made for

skewed data as needed for comparisons of means by one-way analysis of variance using

Bonferroni adjustments as needed. The primary end point of the study was the comparison

of LDL size between cases and controls. Accordingly, sample size calculation was based on

a 20% difference using a power of 0.87 and an alpha of 0.05.

RESULTS

Cases and controls had similar ages, body mass index, and percent body fat (Table 1). They

also had similar fat and lean mass indices and fat/lean mass ratio. However, there was a

higher prevalence of obesity in the cases than in the controls but the prevalence of

sarcopenia (low muscle mass) and sarcopenic obesity (low muscle mass associated with

high fat mass) were similar between the two study groups. Cases also had a trend for higher

truncal/lower extremity fat ratio (Table 1).

The relative distribution of LDL size for cases and controls is shown in Fig. 1. Cases had a

higher frequency of smaller LDL compared to controls. The mean LDL size was

significantly smaller in cases compared to controls (Fig. 2). Within cases, LDL size was

significantly smaller in AD compared to controls (Fig. 2); MCI cases showed similar trends

in having small LDL size than controls. There were no significant differences in LDL sizes

between MCI and AD cases.

The characteristics of cases grouped by LDL size are summarized in Table 2. Cases with a

large LDL had similar fat indices and lower lean indices than those with small LDL. They

also had a better lipid profile than those with small LDL, i.e., the plasma triglycerides, non-

HDL cholesterol, and the ratio of triglyceride/HDL C, were lower. The age of onset of the

disease was not significantly different between cases with large and cases with small LDL.

Overall, 29.5% of all individuals had large LDL and 70.5% had small LDL (Table 3). The

group characteristics for “large LDL” and “small LDL” subjects were examined together.

Accordingly, subjects with small LDL pattern had a typical “dyslipidemia phenotype”. That
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is, they had small LDL, higher plasma triglycerides, lower HDL cholesterol, and higher

triglyceride/HDL cholesterol ratio than those with a large LDL and “normolipidemia”

phenotype (Table 3). This metabolic pattern was present despite similarities in the fat mass

index. A trend toward a higher lean mass index was also noted in subjects with small LDL

but the ratio of fat to lean index was similar between those with small or large LDL.

DISCUSSION

The current study was designed to compare LDL size in subjects with incipient and mild AD

to controls. We aimed to ascertain if cases had a lower prevalence of a “longevity”

phenotype. Other secondary end points included determination of obesity prevalence and the

relation between body composition and the prevalence of “longevity” lipoprotein phenotype.

We found a lower prevalence of the longevity phenotype, a higher prevalence of obesity,

and small LDL phenotype in cases than in controls. We also noted that cases with large LDL

had a better lipid profile than those cases with a small LDL despite similarities in the fat

indices.

In the current study, 26.9% of cases and 33.3% of controls had large LDL. There were no

significant differences between these groups in plasma levels of triglyceride, non-HDL

cholesterol, or HDL cholesterol. Cases and controls with large LDL had low levels of

plasma triglycerides, high HDL cholesterol, low ratio of triglyceride to HDL cholesterol,

and low levels of non-HDL cholesterol. This phenotype was present along with similarities

in body habitus.

It is also important to note that cases in this study did not have differences in BMI, or body

fat or lean mass content. These similarities made the study comparisons easier, i.e., we did

not have to make adjustments in the comparisons for body habitus differences. We expected

that cases would have lower BMIs, or abnormalities in body composition relative to controls

as reported by others [17]. However, other reports indicate that appropriate nutritional

management of AD patients leads to normal weight [18]. The cases in our study were not

malnourished. Still, there is a need for more systematic study of body composition in AD

given the inconsistencies in reports of body composition.

We show that subjects with MCI and AD have smaller LDL size than control subjects (Figs.

1 and 2). The prevalence of small LDL was 73% in cases and 67% in controls. In addition

both cases and controls with small LDL had higher levels of plasma triglyceride, lower HDL

cholesterol, and higher levels of non-HDL cholesterol than those with large LDL.

LDL size has been a subject of intensive research. Small LDL arises from defective

metabolism of VLDL. Small LDL is a poor ligand for hepatic LDL receptors and these

lipoproteins are prone to oxidation and uptake by scavenger receptors located on the surface

of macrophages. The size of the lipoprotein correlates positively with plasma HDL

cholesterol levels and inversely with plasma triglyceride concentrations. That is, small LDL

is generally associated with low HDL cholesterol and increased plasma triglycerides levels.

This lipoprotein phenotype has been designated as “atherogenic” [19, 20]. Both familial and

environmental factors underlie the LDL phenotype [21, 22]. In recent years, it has also been
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shown that the atherogenic lipoprotein phenotype occurs in subjects with metabolic

syndrome [9] and type 2 diabetes mellitus [23]. Reaven et al. [24] also have described the

atherogenic lipoprotein phenotype in persons with insulin resistance. They have higher

levels of plasma glucose, insulin, and triglyceride, and lower HDL cholesterol and higher

blood pressures than persons with larger LDL.

How might the atherogenic lipoprotein phenotype contribute to the development of AD?

LDL does not traverse the blood-brain barrier; but some recent studies suggest that

dyslipidemia alters blood-brain barrier function in AD, particularly in subjects with elevated

plasma triglycerides and low HDL cholesterol [25] and could conceivably set the stage for

the entry of inflammatory lipids from the blood, as suggested by Zlokovic [26]. In summary,

this study shows that small LDL phenotype is more prevalent in subjects with MCI and AD

than controls. The LDL phenotype is associated with mild atherogenic dyslipidemia and

may be influenced by obesity. The differences between cases and controls appear modest,

but fit the possibility that there may be one or multiple atherogenic triggers for the pathology

of AD.

The current observations need to be repeated in a large scale study taking into consideration

that therapeutic modulation of LDL and HDL sizes may reduce risk imparted by

cardiovascular risk factors. Since small LDL is linked to defective triglyceride metabolism,

therapies targeted to triglyceride may be worth considering. Alternatively, since the

longevity phenotype is seemingly linked to large LDL and HDL, it is of interest to

determine whether the combination of statins and CETP inhibitors have an effect not only

on cardiovascular risk but also on MCI/AD. The current drug trials using statins in

combination with CETP inhibitors (ClinicalTrials.gov NCT00688896, NCT0125953,

NCT1105975) may be instructive not only in cardiovascular risk management but also in

risk for AD.

Acknowledgments

The authors express appreciation to the study volunteers and caregivers, and to Ms. Kristin Martin-Cook of the UT
Southwestern Alzheimer’s Disease Center who was the recruiter and study coordinator. The technical research
assistance of Elizabeth Tully, Ahn Nguyen, and Biman Pramanik is also appreciated. This study was partially
supported by the Center for Human Nutrition, the Wallace and Kelly King Foundation, and NIH AG12300.

REFERENCES

1. Qiu C. Epidemiological findings of vascular risk factors in Alzheimer’s disease: Implications for
therapeutic and preventive intervention. Expert Rev Neurother. 2011; 11:1593–1607. [PubMed:
22014138]

2. Tolppanen AM, Solomon A, Soininen H, Kivipelto M. Midlife vascular risk factors and
Alzheimer’s disease: Evidence from epidemiological studies. J Alzheimers Dis. 2012; 32:531–540.
[PubMed: 22842867]

3. Kivipelto M, Ngandu T, Fratiglioni L, Viitanen M, Kåreholt I, Winblad B, Helkala EL, Tuomilehto
J, Soininen H, Nissinen A. Obesity and vascular risk factors at midlife and the risk of dementia and
Alzheimer disease. Arch Neurol. 2005; 62:1556–1560. [PubMed: 16216938]

4. Hölscher C. Diabetes as a risk factor for Alzheimer’s disease: Insulin signalling impairment in the
brain as an alternative model of Alzheimer’s disease. Biochem Soc Trans. 2011; 39:891–897.
[PubMed: 21787319]

Vikarunnessa et al. Page 5

J Alzheimers Dis. Author manuscript; available in PMC 2014 July 04.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://ClinicalTrials.gov


5. Liu Y, Liu F, Grundke-Iqbal I, Iqbal K, Gong CX. Deficient brain insulin signalling pathway in
Alzheimer’s disease and diabetes. J Pathol. 2011; 225:54–62. [PubMed: 21598254]

6. Barzilai N, Atzmon G, Schechter C, Schaefer EJ, Cupples AL, Lipton R, Cheng S, Shuldiner AR.
Unique lipoprotein phenotype and genotype associated with exceptional longevity. JAMA. 2003;
290:2030–2040. [PubMed: 14559957]

7. Barzilai N, Atzmon G, Derby CA, Bauman JM, Lipton RB. Agenotype of exceptional longevity is
associated with preservation of cognitive function. Neurology. 2006; 67:2170–2175. [PubMed:
17190939]

8. Lipton RB, Hirsch J, Katz MJ, Wang C, Sanders AE, Verghese J, Barzilai N, Derbt CA. Exceptional
parental longevity associated with lower risk of Alzheimer’s disease and memory decline. J Am
Geriatr Soc. 2010; 58:1043–1049. [PubMed: 20487085]

9. Grundy SM. Atherogenic dyslipidemia associated with metabolic syndrome and insulin resistance.
Clin Cornerstone. 2006; 8(Suppl 1):S21–S27. [PubMed: 16903166]

10. Austin MA, Talmud PJ, Luong LA, Haddad L, Day IN, Newman B, Edwards KL, Krauss RM,
Humphries SE. Candidate-gene studies of the atherogenic lipoprotein phenotype: A sib-pair
linkage analysis of DZ women twins. Am J Hum Genet. 1998; 62:406–419. [PubMed: 9463319]

11. Arai H, Kokubo Y, Watanabe M, Sawamura T, Ito Y, Minagawa A, Okamura T, Miyamato Y.
Small dense low-density lipoproteins cholesterol can predict incident cardiovascular disease in an
urban Japanese cohort: The Suita study. J Atheroscler Thromb. 2013; 20:195–203. [PubMed:
23076217]

12. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of
Alzheimer’s disease: Report of the NINCDS-ADRDA work group under the auspices of the
Department of Health and Human Services Task Force on Alzheimer’s disease. Neurology. 1984;
34:939–944. [PubMed: 6610841]

13. Morris JC. The Clinical Dementia Rating (CDR). Neurology. 1993; 43:2412–2414. [PubMed:
8232972]

14. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive
impairment: Clinical characterization and outcome. Arch Neurol. 1999; 56:303–308. [PubMed:
10190820]

15. Vega GL, Ma PT, Cater NB, Filipchuk N, Meguro S, Garcia-Garcia AB, Grundy SM. Effects of
adding fenofibrate (200mg/day) to simvastatin (10mg/day) in patients with combined
hyperlipidemia and metabolic syndrome. Am J Cardiol. 2003; 91:956–960. [PubMed: 12686335]

16. Vega GL, Adams-Huet B, Peshock R, Willett D, Shah B, Grundy SM. Influence of body fat
content and distribution on variation in metabolic risk. J Clin Endocrinol Metab. 2006; 91:4459–
4466. [PubMed: 16926254]

17. Renvall MJ, Spindler AA, Nichols JF, Ramsdell JW. Body composition of patients with
Alzheimer’s disease. J Am Diet Assoc. 1993; 93:47–52. [PubMed: 8417092]

18. Van Wymelbeke V, Guédon A, Maniere D, Manckoundia P, Pfitzenmeyer P. A 6-month follow-up
of nutritional status in institutionalized patients with Alzheimer’s disease. J Nutr Health Aging.
2004; 8:505–508. [PubMed: 15543424]

19. Austin MA, King MC, Vranizan KM, Krauss RM. Atherogenic lipoprotein phenotype. A proposed
genetic marker for coronary heart disease risk. Circulation. 1990; 82:495–506. [PubMed:
2372896]

20. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults:
National Cholesterol Education Program. Second report of the expert panel on detection,
evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel II).
Circulation. 1994; 89:1329–1445.

21. Austin MA. Genetic epidemiology of low-density lipoprotein subclass phenotypes. Ann Med.
1992; 24:477–481. [PubMed: 1485942]

22. Dreon DM, Fernstrom HA, Williams PT, Krauss RM. LDL subclass patterns and lipoprotein
response to a low-fat, high-carbohydrate diet in women. Arterioscler Thromb Vasc Biol. 1997;
17:707–714. [PubMed: 9108784]

Vikarunnessa et al. Page 6

J Alzheimers Dis. Author manuscript; available in PMC 2014 July 04.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



23. Berneis K, Jeanneret C, Muser J, Felix B, Miserez AR. Low-density lipoprotein size and
subclasses are markers of clinically apparent and non-apparent atherosclerosis in type 2 diabetes.
Metabolism. 2005; 54:227–234. [PubMed: 15690318]

24. Reaven GM, Chen YD, Jeppesen J, Maheux P, Krauss RM. Insulin resistance and
hyperinsulinemia in individuals with small, dense low density lipoprotein particles. J Clin Invest.
1993; 92:141–146. [PubMed: 8325978]

25. Bowman GL, Kaye JA, Quinn JF. Dyslipidemia and blood-brain barrier integrity in Alzheimer’s
disease. Curr Gerontol Geriatr Res. 2012; 2012:184042. [PubMed: 22654903]

26. Zlokovic BV. Neurovascular pathways to neurodegeneration in Alzheimer’s disease and other
diorders. Nat Rev Neurosci. 2011; 12:723–738. [PubMed: 22048062]

Vikarunnessa et al. Page 7

J Alzheimers Dis. Author manuscript; available in PMC 2014 July 04.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 1.
Relative frequency distribution of LDL size (nm) in cases (closed circles) and controls (open

circles). Cases had a significantly higher prevalence of small LDL and a significantly

smaller LDL size as shown by the mean sizes and standard deviation (SD) per group. The

comparison was made by ANOVA with Bonferroni adjustment.
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Fig. 2.
Comparison of LDL size between cases and controls. Cases had significantly smaller LDL

size compared to controls. Also, AD had significantly smaller LDL than controls and the

same trend was seen in MCI patients. However, there were no significant differences in

LDL size between AD and MCI patients.
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Table 1

Anthropometric characteristics of subjects

Cases Controls

Mean ± S.D.

Number (% Men) 58 (58.6) 42 (40.5)

Age (years) 72.3 ± 8.1 72.4 ± 7.2

Age of onset of AD (years) 69.3 ± 7.7 Not applicable

Body Mass Index (kg/m2) 27.5 ± 5.4 28.1 ± 8.2

% Body Fat 33.2 ± 8.1 35.0 ± 8.1

Fat Index (kg/m2) 9.4 ± 4.5 9.4 ± 3.6

Lean Index (kg/m2) 18.0 ± 6.3 16.6 ± 3.0

Fat/Lean Index ratio 0.53 ± 0.20 0.58 ± 0.20

Truncal/Lower extremity fat ratio 1.85 ± 0.6 1.58 ± 0.6

Obese* (%) 46.9 38.8

Sarcopenia (%) 11.3 11.2

Sarcopenic Obesity (%) 11.2 15.3

*
Obese: % Body fat >30% for women and >25% for men. Sarcopenia: Skeletal muscle mass index in men <7.26 kg/m2 and in women <5.45

kg/m2. Sarcopenic Obesity: sarcopenia plus body fat percentage >27% in men and 38% in women.
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Table 2

Characteristics of cases with large versus small LDL size

Large LDL Small LDL

Cases (% of total) 26.9 73.1

LDL size (µm) 271 ± 2a 260 ± 5

Age of Onset of disease (years) 70 ± 10b 69 ± 7

Plasma Triglyceride (mg/dl) 95 ± 29a 132 ± 63

HDL cholesterol (mg/dl) 79 ± 19b 54 ± 13

Triglyceride/HDL Cholesterol ratio 1.27 ± 0.49a 2.69 ± 1.62

Non-HDL cholesterol (mg/dl) 110 ± 27a 135 ± 49

Fat Index (kg/m2) 8.4 ± 3.4 9.7 ± 4.8

Lean Index (kg/m2) 15.0 ± 2.1a 17.8 ± 6.8

Fat/Lean Index ratio 0.57 ± 0.51 0.49 ± 0.51

a
Significantly different from cases with small LDL size; unpaired t-test, p ≤ 0.01.

b
Trend for differences: p ≥ 0.05.
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Table 3

Prevalence of small LDL, higher triglycerides, and lower HDL in cases (MCI and Alzheimer’s disease) and

controls grouped by LDL size

Large LDL Small LDL

Mean ± S.D.

Percent of total number of subjects 29.5 70.5

Controls (% of total controls) 33.3 66.7

LDL size (nm) 271 ± 2 261 ± 5a

Plasma Triglyceride (mg/dl) 91 ± 26 130 ± 71a

HDL cholesterol (mg/dl) 74 ± 18 57 ± 15a

Triglyceride/HDL Cholesterol ratio 1.30 ± 0.50 2.60 ± 2.10a

Non-HDL cholesterol (mg/dl) 115 ± 27 136 ± 41a

Fat Index (kg/m2) 8.9 ± 3.9 9.7 ± 4.4

Lean Index (kg/m2) 15.9 ± 2.7 18.3 ± 6.0b

Fat/Lean Index ratio 0.56 ± 0.2 0.54 ± 0.19

a
Significantly different between cases and controls; p < 0.001 or

b
p < 0.02 by ANOVA.
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