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Abstract

Plasma amyloid beta-42 (AB42) and Ap42/ABA40 are increasingly recognized as biomarkers for
dementia, with low levels indicating increased risk. Little is known about the demographic and
medical correlates of plasma Ap40 or AB42. In 997 community-dwelling, non-demented older
adults from the Health, Aging and Body Composition Study, we determined the cross-sectional
association between a wide range of demographic and medical variables with Ap40 and Ap42. In
multivariate stepwise linear regression models, AB40 was significantly associated with race (B=
-14.70, F=22.01, p<0.0001), age (B=1.34, F=6.39, p=0.01), creatinine (=52.91, F=151.77,
p<0.0001), and serum brain-derived neurotrophic factor (BDNF) (p=-0.0004, F=7.34, p=0.007);
AP42 was significantly associated with race (f=-3.72, F=30.83, p<0.0001), sex (f=1.39, F=4.32,
p=0.04), education (p=1.50, F=4.78, p=0.03), Apolipoprotein E (APOE) e4 allele status (B=-2.82,
F=16.57, p<0.0001), and creatinine (=9.32, F=120.09, p<0.0001). These correlates should be
considered as potential confounders in future studies investigating plasma AP as a biomarker of
dementia. Understanding fully how these correlates mediate or modify the association between
plasma AP and dementia will be a fundamental step in determining the biological pathways
through which plasma AB40 and AB42 are associated with dementia, and in determining their full
potential as biomarkers.
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Introduction

Recent studies have indicated that plasma amyloid beta-40 (AB40), Ap42 and the ratio
(AB42/Ap40) may be promising biological markers for cognitive impairment or dementia in
older adults. For example, decreased plasma AB42 was shown to be associated with
increased risk for developing Alzheimer’s disease (AD) and increased cognitive decline over
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time.1~* Similarly, a prospective longitudinal study found that low plasma AB40 was
associated with incident AD in older men.> Low AB42/AB40 has also been associated with
increased cognitive decline over time among non-demented elders, and with increased risk
for AD.L 6 These two proteins are of interest because they accumulate in the brain, forming
the plaques found in AD patients. Furthermore, these proteins have been well established as
biomarkers for AD when measured from cerebrospinal fluid (CSF) samples. For example,
CSF Ap42 declines in patients with incident dementia, and has been documented as one of
the most sensitive biomarkers for detecting prevalent AD.”: 8 Similarly, some studies have
shown that low CSF AB40 is associated with mild cognitive impairment (MCI) or the early
stages of dementia.® The possibility of identifying AB as a useful biomarker from plasma is
clinically important because a simple blood draw is much less invasive and less expensive
than the lumbar puncture required to obtain CSF.

In spite of this ongoing research, little is known about the general demographic and medical
correlates of plasma AB40 and AB42, and how correlates may impact the relationship
between plasma AP and cognitive decline. This information is important so these proteins
can be fully understood as biomarkers, and so future studies investigating the potential use
of plasma AB40 and AB42 as biomarkers for cognitive decline can measure and account for
all potential confounders. Furthermore, understanding what factors are related to plasma
AP40 and AB42 may shed some light on the mechanisms underlying an association between
plasma AP and cognitive function. Importantly, one previous study has investigated
correlates of plasma A, but the study population consisted of only 205 cognitively normal
controls, while the remaining sample was comprised of patients with MCI (n=348) or AD
(n=162).10 As previous studies have shown that plasma AB levels change at different stages
of disease progressionl: 12 more studies are needed to investigate correlates of these
markers in community-dwelling, non-demented older adults. Thus, the objective of this
study is to describe the demographic and medical correlates of plasma Ap40 and Ap42 in a
population of community-dwelling, non-demented, black and white older adults, age 70-79
at baseline.

Study Population

Community-dwelling white and black older adults were enrolled in the ongoing Health
Aging and Body Composition (Health ABC) study. This prospective cohort study began in
1997, and adults ranged in age from 70 to 79 years at enrollment, and lived in Memphis, TN
or Pittsburgh, PA. Participants were recruited from a random sample of Medicare eligible
adults living within the designated zip codes, and were eligible if they reported no
difficulties performing activities of daily living, walking a quarter mile, or climbing 10 steps
without resting. They also had to be free of life-threatening cancers, and plan to remain
within the study area for at least three years.13 Plasma AB42 and AB40 were measured in a
random sample of 1000 sex and race stratified participants. Of those, 3 had incomplete
plasma amyloid data due to insufficient amounts of stored blood or measurement error; thus
our analytic cohort was comprised of 997 participants. All participants included in this
analytic cohort were free of cognitive impairment at baseline; consistent with previous
literature, cognitive impairment was defined as a Modified Mini-Mental Status Exam (3MS)
score <80.14 Compared to Health ABC participants who did not have plasma A measured,
those in the subgroup were more likely to be black, female, and to have lower mean
education, but did not differ on other characteristics. This study was approved by the
institutional review boards of the University of Pittsburgh and the University of Tennessee,
Memphis, and that of the Coordinating Center, the University of California, San Francisco.
All participants signed a written informed consent.
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Stored plasma obtained at the first Health ABC follow-up visit was used to measure AB40
and Ap42. Plasma was stored at —70° C at Fisher BioServices, Inc. Laboratories and shipped
directly to the analytical laboratory. Plasma AP was measured at the laboratory of Dr.
Steven Younkin at the Mayo Clinic using Innogenetics INNO-BIA assays. The detection
limit for this assay is 12 pg/ml for Ap40 and 5 pg/ml for AB42. Mean inter-assay coefficient
of variation was 9.9% for Ap40 and 9.3% for Ap42 and mean intra-assay coefficient of
variation was 3.5% for Ap40 and 2.3% for Ap42. Consistent with previous literature, tertile
cutoffs were used to categorize Ap42 and AP42/Ap40 into “low” “medium” and *“high”
groups.

Potential Correlates

At baseline, demographic data including self-reported participant age, race, sex and
education were recorded. Literacy was measured at baseline with the Rapid Estimate of
Adult Literacy in Medicine (REALM).15 REALM scores were categorized as 8th grade and
<8th grade, as it has been reported that this cutoff differentiates those who are functionally
illiterate versus literate in a healthcare setting.16: 17 Cogpnitive function at baseline was
measured with the Modified Mini-Mental Status Exam (3MS). The 3MS is an assessment of
global cognitive function with components for orientation, concentration, language, praxis,
and immediate and delayed memory.18 Social support scores were based on the average
frequency of visits per week with friends, neighbors, and relatives. Scores were
dichotomized into two groups: < the median or = the median. Self-reported information on
smoking history was recorded and dichotomized into never versus ever having smoked.

Prevalent disease algorithms based on both self-report and physician diagnoses, recorded
medications and laboratory data were used to create comorbidity variables indicating
presence of diabetes mellitus, hypertension, stroke or transient ischemic attack (TIA), and
myocardial infarction (MI). The Center for Epidemiologic Studies Depression Scale (CES-
D) was used to assess depressive symptoms with a score =16 consistent with possible
depression.1® Body mass index (BMI) (kg/m?2) was calculated from direct height and weight
measurements at baseline. Physical activity level was determined using a standardized
questionnaire designed specifically for the Health ABC study, which has been previously
described.20 Total physical activity including household chores, paid work, volunteer work,
care giving, stair climbing, non-exercise walking, walking for exercise and other moderate
and vigorous exercise activities, were measured in kilocalories per week (kcal/wk).20

Apolipoprotein E (APOE) e4 allele status was determined using standard Single Nucleotide
Polymorphism (SNP) genotyping techniques and dichotomized into having one or more
APOE e4 allele versus no allele.?! Brain-derived neurotrophic factor (BDNF) was measured
from frozen serum collected at the first follow-up visit. Assays were performed by R&D
Systems’ Analytical Testing Service, using their own commercial kit employing an enzyme-
linked immunosorbent assay method. The detection limit for this assay is 1250 pg/mL. The
mean inter-assay coefficient of variation is 9.0%, and the mean coefficient of variation
within assay is 5.0%.

At baseline, low-density lipoprotein cholesterol (LDL) (mg/dl), high-density lipoprotein
cholesterol (HDL) (mg/dl), total cholesterol (mg/dl) and triglycerides (mg/dl) were
measured from fasting blood serum. Measures of high sensitivity C-reactive protein (CRP),
tumor necrosis factor-a. (TNFa), interleukin-6 (IL-6) and creatinine were obtained from
frozen serum or plasma collected at baseline after an overnight fast. Samples were frozen at
—70°C and were shipped to the Core Laboratory at the University of Vermont.22: 23 Serum
CRP was measured in duplicate by enzyme-linked immunosorbent assay on the basis of
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purified protein and polyclonal anti-CRP antibodies, and assays were standardized according
to the World Health Organization First International Reference Standard with a sensitivity of
0.08 pg/ml.22 Plasma IL-6 and TNFa were measured in duplicate by ELISA kits from the
R&D Systems (Minneapolis, MN).24 The detectable limit for IL-6 was 0.10 pg/ml, and for
TNFa was 0.18 pg/ml.24 Creatinine was measured with the colorimetric technique on a
Johnson & Johnson VITROS 950 Chemistry Analyzer (Johnson & Johnson, New
Brunswick, N.J., USA) using the enzymatic method.23

Statistical Analyses

Results

To describe the distribution of plasma AB40 and AP42, a variety of descriptive statistics
were calculated including assessment of the mean, median, range and standard deviation.
The relationship between AB40 and AP42 was examined using Spearman’s correlation
coefficient. Fisher’s exact, Pearson’s chi-square, and t-tests were used, as appropriate, to
determine the association between plasma Ap40 and Ap42 tertile and baseline participant
characteristics. Finally, stepwise multivariate linear regression models were examined for
both Ap40 and Ap42 to determine which characteristics independently predicted plasma
level. Variables that were associated in bivariate analyses (p<0.10) with Ap40 or Ap42,
respectively, were considered for these models. We used a forward stepwise selection
process with variables significant at the p=0.15 entry and exit criteria to determine the final
multivariate models. The relative strength of the associations was expressed as an absolute
difference in units of change chosen to approximate 1 SD in the distribution for each
continuous variable or null category for dichotomous variables, similar to previous studies
investigating correlates of markers in older adults.2> 26 The formula used to calculate the
absolute difference in rate of change in plasma AP per unit change (SD) of the independent
variable was p* = unstandardized B x unit change in independent variable. The
corresponding 95% confidence intervals (CIs) were calculated using the following formula:
B = (1.96 x SE) x unit change. All statistical analyses were performed using SAS version
9.1 (SAS Institute Inc., Cary, NC).

Among the 997 community-dwelling older adults, the mean (standard deviation) of Ap40
and Ap42 were 191.6 pg/ml (50.3) and 33.9 (9.6), respectively. The median of AB40 was
192.5 pg/ml, and of AB42 was 32.8 pg/ml. The Spearman correlation coefficient was 0.51
(p<0.0001) for both markers as continuous variables, and 0.42 (p<0.0001) for both markers
with tertile cutoffs.

Those with low plasma Ap40 were significantly younger (73.6+3.0 years for low tertile vs.
74.5%2.9 for high tertile, p-value = 0.0001), more likely to have less than a high school
education (N(%), 223 (67.2%) vs. 197 (59.5%), p-value = 0.03) to be black (201 (60.4%) vs.
147 (44.1%), p-value <0.0001), to have lower serum creatinine (mg/dl, 1.0£0.2 vs. 1.2+0.5,
p-value <0.0001), to have higher HDL cholesterol (mg/dl, 56.6£17.7 vs. 52.9+16.5, p-
value=0.02), to have higher BDNF (pg/ml, 23361.6+10648.3 vs. 20944.4+10022.9,
p-0.006), and to have lower TNFa (pg/ml, 3.3£2.1 vs. 3.7£1.7, p=0.0007) (Table 1). There
were no differences of AB40 by sex, literacy, baseline 3MS scores, social support, physical
activity, history of stroke/TIA, diabetes history, myocardial infarction, BMI, depressive
symptoms, APOE e4 allele status, C-reactive protein, IL-6, total cholesterol, LDL
cholesterol, triglycerides, or smoking history.

Those with low plasma Ap42 were more likely to be female (196 (59.8%) vs. 183 (55.5), p-
value = 0.05), to have less than a high school education (231 (70.6%) vs. 193 (58.8%), p-
value = 0.006), to be black (214 (65.2%) vs. 151 (45.8%), p-value <0.0001), to have a
history of diabetes (94 (29.8%) vs. 68 (21.3%), p-value = 0.04) to have at least 1 APOE e4
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allele (118 (38.3%) vs. 73 (23.1%), p-value=0.0002), to have lower creatinine (mg/dl,
1.04+0.2 1.1+0.6, p-value<0.0001), to have greater social support (179 (54.6%) vs. 154
(46.7%), p-value=0.05), and to have higher HDL cholesterol (mg/dl, 57.3+£17.9 vs.
53.5+16.9, p=0.007) (Table 2). There were no differences by AB42 and age, literacy,
baseline 3MS scores, physical activity, history of stroke/TIA, myocardial infarction, BMI,
depressive symptoms, C-reactive protein, TNFa., IL-6, BDNF, total cholesterol, LDL
cholesterol, triglycerides, or smoking history.

In a stepwise multivariate linear regression model, Ap40 was significantly associated with
age (B=1.34, F=6.39, p=0.01), race (p = —14.70, F=22.01, p<0.0001), creatinine (p = 52.91,
F=151.77, p<0.0001), and BDNF ($=-0.0004, F=7.34, p=0.007) (Table 3). Similarly, Ap42
was significantly associated with race (=—3.72, F=30.83, p<0.0001), sex (p=1.39, F=4.32,
p=0.04), education (p=1.50, F=4.78, p=0.03), APOE &4 allele status (3=-2.82, F=16.57,
p<0.0001), and creatinine (=9.32, F=120.09, p<0.0001) (Table 3).

The strength of the associations expressed as an absolute difference in units of change (1 SD
for continuous variables or null category for dichotomous variables) are shown in Table 4.
Age, race, creatinine, and BDNF were all significant correlates of Ap40; race, sex,
education, APOE e4, and creatinine were all significant correlates of Ap42, although sex
and education were borderline (Table 4).

Discussion

Our results indicated that plasma Ap40 and Ap42 are fairly normally distributed among
older adults without dementia. Furthermore, our results suggested that in a community-
dwelling sample of white and black older adults, plasma AB40 significantly differed by age,
race, education, serum creatinine, serum BDNF, HDL cholesterol and the inflammatory
marker TNFa. Similarly, plasma Ap42 was significantly associated with race, sex,
education, social support, a history of diabetes, HDL cholesterol, serum creatinine and
APOE e4 allele status.

Our results are supported by prior indirect associations between demographic and medical
risk factors and AD. For example, we found black race was associated with significantly
lower levels of plasma AB40 and AB42, and being female was significantly associated with
a lower level of Ap42. As it has been shown that African Americans and females have an
increased risk of AD, and other studies have shown low Ap42 is associated with increased
risk of dementia, these results seem consistent.% 27

Our results showing an association between diabetes and plasma Ap42 are in support of
earlier studies suggesting that consistently increased insulin levels in the brain may lead to
increased Ap42 deposition and plaque formation, and subsequent decreases in peripheral
plasma AB42.28. 29 Qur results differ from another longitudinal study that recently found
higher total cholesterol and higher LDL cholesterol predicted low plasma Ap42.30
Furthermore, this previous study found no association between HDL cholesterol and AB42
at baseline or over time, as we did with plasma Ap40 and AB42.30 Similarly, we found no
association between AB40 or AB42 with LDL, total cholesterol, triglycerides, or history of
myocardial infarction or stroke — both of which have high cholesterol as a common risk
factor. Finally, the association we found between both plasma Ap40 and Ap42 and serum
creatinine — a measure of renal function — is supported by another study which found that in
older patients with chronic renal failure, dialysis significantly lowered plasma Ap42 level,
these rgsults indicate a close relationship may exist between renal function and plasma
Ap42.31
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It is widely known that APOE e4 allele is associated with increased risk for AD, and in this
study we found older adults with at least one APOE e4 allele were more likely to have low
AP42; APOE has also been shown to modify the association between AB42 and AB42/Ap40
and cognitive decline.- 32 An interesting finding was the association between higher serum
BDNF and low plasma Ap40. BDNF is thought to have neuroprotective effects and to
promote brain plasticity.33 BDNF has also been shown to regulate the Amyloid Precursor
Protein (APP) which is thought to reduce the production of amyloid peptides (i.e. Ap40).33
Thus, it is possible that higher levels of serum BDNF may, at least in part, regulate plasma
AP40, resulting in the lower plasma AB40 level. There was no relationship found between
plasma AB42 and serum BDNF. The inflammatory marker TNFa has been shown to be
associated with increased risk of cognitive decline over time.3# While we found an
association between low TNFa and low plasma AB40, which is contrary to what we
expected, we believe this could be due to the less specific association between Ap40 and
AD or cognitive decline (versus the relationship between AB42 and cognitive function).34

Importantly, our results are also supported in part by the previous study investigating
correlates and predictors of plasma A in a population of cognitive normal, MCI and AD
patients.10 Both studies reported relatively normal distributions of both plasma AB40 and
AP42, indicating no need to log-transform plasma Ap40 or AB42 when analyzing as
continuous variables, although it was reported that the ratio needed log-transformation.10
Furthermore, both studies found significant associations between higher Ap40 and Ap42
and poorer kidney function in t-tests, and found that creatinine significantly predicted both
markers.10 Other similarities were significant associations between age and AB42, APOE
and AB42 and cholesterol and AB40.10 This study did not support our findings in that it
found no association between education or race with either plasma marker; in models the
most significant predictors of AR40 and AP42 were creatinine, total proteins and
cholesterol, while our results showed different significant predictors of AB42 and AB40.10
Interestingly in the other study, age, education nor APOE e4 significantly predicted either
marker as we found, and these are known strong risk factors for AD.10 Finally, the prior
study found a much stronger correlation between plasma Ap40 and Ap42 (r=0.83 vs.
r=0.51).10 We believe differences are most likely attributable to different populations, as our
study was made up of community-dwelling older adults who were all dementia free,
compared to a population of primarily MCI and AD patients with only a small proportion of
cognitively normal controls.10 Given these characteristics, the contrasting results could
reflect that disease progression largely affects plasma Ap measurements and correlates.
Ultimately, more studies are needed to better understand the fluctuations of plasma AB40
and Ap42 in older adults who age without cognitive decline, with MCI and with AD to
better understand these relationships.

If plasma Ap40 and Ap42 indeed are useful biomarkers of cognitive decline and dementia,
then it is important to fully understand how these biomarkers are influenced by demographic
and medical conditions for several reasons. First of all, at a very basic level, it will be
important so that future studies can measure and adjust for all potential confounders when
investigating the association of plasma AP to ensure the most accurate results are presented.
Understanding demographic and medical correlates will also be crucial in considering what
factors may regulate plasma AB. This will be critical for gaining a better understanding of
the mechanisms underlying cognitive decline and dementia. It will also help in identifying
possible targets for interventions in reducing risk of or preventing dementia.

This study had several strengths, including the large sample size providing ample analytical
power for this study. Measurement of numerous potential confounders allowed us to
investigate a large number of demographic and medical characteristics in one sample.
Finally, Innogenetics INNO-BIA assays were used for our measurements of Ap42 and
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AP40, and this method may provide more accurate measurements of AB42 and AB40 due to
its high sensitivity, low variability, and high reproducibility.3> There are also several
weakness that should be taken into consideration when interpreting these results. These
adults were all well functioning and community-dwelling at baseline, so results may not be
generalizable to all older adults — for example, nursing home populations. Another potential
weakness is that we did not have CSF measurements of A and thus, we could not correlate
plasma AP to measurements of CSF AB. As CSF AB has been such a well-established
biomarker for dementia, it would have been useful.

This study identified the demographic and medical correlates of plasma Ap40 and Ap42.
The correlates identified in this paper should be considered in future studies as potential
confounders of the association between plasma AP and cognitive decline or dementia.
Understanding fully how these correlates mediate or modify the association between plasma
AP and dementia will be a fundamental step in determining the biological pathways through
which plasma Ap contributes to dementia and cognitive decline. Future studies should
continue to investigate exactly how these demographic and medical correlates may influence
the relationship between plasma Ap40 and Ap42, as it may help us target interventions for
preventing and reducing the risk of AD and dementia.

Acknowledgments

Study Funding:

The Health, Aging and Body Composition Study is Supported by National Institute on Aging (NIA) Contracts NO1-
AG-6-2101; N01-AG-6-2103; N01-AG-6-2106; NIA grant R01-AG028050, and NINR grant R01-NR012459. This
research was supported in part by the Intramural Research Program of the NIH, National Institute on Aging. Andrea
Metti is supported by the National Institutes of Health Training Grant (2T32AG000181). Kristine Yaffe is
supported in part by NIA Grant K24 AG031155.

References

1. Graff-Radford NR, Crook JE, Lucas J, et al. Association of low plasma Ap42/AB40 ratios with
increased imminent risk for mild cognitive impairment and Alzheimer disease. Arch Neurol. 2007;
64:354-62. [PubMed: 17353377]

2. Lewczuk P, Kornhuber J, Vanmechelen E, et al. Amyloid p peptides in plasma in early diagnosis of
Alzheimer’s disease: A multicenter study with multiplexing. Experimental Neurology. 2009 Aug 5.
[Epub Ahead of Print].

3. Pesaresi M, Lovati C, Bertora P, et al. Plasma levels of beta-amyloid (1-42) in Alzheimer’s disease
and mild cognitive impairment. Neurobiol Aging. 2006; 27:904-05. [PubMed: 16638622]

4. Yaffe K, Weston AL, Graff-Radford NR, et al. Plasma beta-amyloid level and cognitive decline:
Modulation by cognitive reserve. Unpublished Results. 2010

5. Sundelof J, Giedraitis V, Irizarry MC, et al. Plasma Beta Amyloid and the Risk of Alzheimer
Disease and Dementia in Elderly Men. A Prosepctive, Population-Based Cohort Study. Arch
Neurol. 2008; 65(2):256—63. [PubMed: 18268197]

6. Yaffe K, Weston A, Graff-Radford NR, et al. Association of plasma p-amyloid level and cognitive
reserve with subsequent cognitive decline. JAMA. 2011; 205(3):261-66. [PubMed: 21245181]

7. Shaw LM, Vanderstichele H, Knapik-Czajka M, et al. Cerebrospinal fluid biomarker signature in
Alzheimer’s disease neuroimaging initiative subjects. Ann Neurol. 2009; 65:403-13. [PubMed:
19296504]

8. Sunderland T, Linker G, Mirza N, et al. Decreased beta-amyloid 1-42 and increased tau levels in
cerebrospinal fluid of patients with Alzheimer disease. JAMA. 2003; 289(16):2094-2103.
[PubMed: 12709467]

9. Jensen M, Schroder J, Blomberg M, et al. Cerebrospinal fluid AB42 is increased early in sporadic
Alzheimer’s disease and declines with disease progression. Ann Neurol. 1999; 45:504-11.
[PubMed: 10211475]

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2014 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Metti et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 8

Toledo JB, Vanderstichele H, Figurski M, et al. Factors affecting Ap plasma levels and their utility
as biomarkers in ADNI. Acta Neuropathol. 2011; 122:401-413. [PubMed: 21805181]

Schupf N, Tang MX, Fukuyama H, et al. Peripheral A subspecies as risk biomarkers of
Alzheimer’s disease. Proc Natl Acad Sci U S A. 2008; 105(37):14052—7. [PubMed: 18779561]

Seppala TT, Herukka SK, Hanninen T, et al. Plasma Ap42 and Ap40 as markers of cognitive
change in follow-up: A prospective, longitudinal, population-based cohort study. J Neurol
Neurosurg Psychiatry. 2010

Yaffe K, Barnes D, Lindquist K, et al. Endogenous sex hormone levels and risk of cognitive
decline in an older biracial cohort. Neurobiology of Aging. 2007; 28:171-78. [PubMed:
17097195]

Slinin Y, Paudel ML, Taylor BC, et al. 25-Hydroxyvitamin D levels and cognitive performance
and decline in elderly men. Neurology. 2010; 74(1):33-41. [PubMed: 19940271]

Davis TC, Long SW, Jackson RH, et al. Rapid Estimate of Adult Literacy in Medicine: A
shortened screening instrument. Fam Med. 1993; 25:391-5. [PubMed: 8349060]

Osborn C, Weiss B, Davis T, et al. Measuring adult literacy in health care: performance of the
newest vital sign. Am J Health Behav. 2007; 31:S36-46. [PubMed: 17931135]

Rothman R, Malone R, Bryant B, Horlen C, DeWalt D, Pignone M. The relationship between
literacy and glycemic control in a diabetes disease-management program. The Diabetes Educator.
2004; 30(2):263-73. [PubMed: 15095516]

Teng EL, Chui HC. The Modified Mini-Mental State (3MS) examination. J Clin Psychiatry. 1987;
48(8):314-18. [PubMed: 3611032]

Radloff L. The CES-D scale: A self-report depression scale for research in the general population.
Appl Psychol Meas. 1977; 1:385-401.

Brach JS, Simonsick EM, Kritchevsky S, Yaffe K, Newman AB. Health Aging and Body
Composition Study Research Group. The association between physical function and lifestyle
activity and exercise in the health, aging and body composition study. J Am Geriatr Soc. 2004;
52(4):502-9. [PubMed: 15066063]

Hixson J, Vernier D. Restriction isotyping of human apolipoprotein E by gen amplification and
cleavage with Hhal. J Lipid Res. 1990; 31(3):545-8. [PubMed: 2341813]

Kalogeropoulos A, Georgiopoulou V, Psaty BM, et al. Inflammatory markers and incident heart
failure risk in older adults. The Health ABC (Health, Aging and Body Composition) Study. J Am
Coll Cardiol. 2010; 55(19):2129-37. [PubMed: 20447537]

Minev E, Unruh M, Shlipak MG, et al. Association of cystatin C and depression in healthy elders:
the health, aging and body composition study. Nephron Clin Pract. 2010; 116(3):c241-46.
[PubMed: 20606485]

Yaffe K, Lindquist K, Penninx B, et al. Inflammatory markers and cognition in well-functioning
African-American and white elders. Neurology. 2003; 61:76-80. [PubMed: 12847160]

Cauley JA, Blackwell T, Zmuda JM, et al. Correlates of trabecular and cortical volumetric bone
mineral density at the femoral neck and lumbar spine: The Osteoporotic Fractures in Men Study
(Mr0OS). J Bone Miner Res. 2010; 25(9):1958-71. [PubMed: 20572023]

Sheu Y, Cauley JA, Wheeler VW, et al. Natural history and correlates of hip BMD loss with aging
in men of African ancestry: the Tobago Bone Health Study. J Bone Miner Res. 2009; 24(7):1290-
98. [PubMed: 19257828]

Green RC, Cupples LA, Go R, et al. Risk of dementia among white and African American relatives
of patients with Alzheimer disease. JAMA. 2002; 287(3):329-36. [PubMed: 11790212]
Duckworth WC, Bennett RG, Hamel FG. Insulin acts intracellularly on proteasomes through
insulin-degrading enzyme. Biochem Biophys Res Commun. 1998; 244:390-94. [PubMed:
9514933]

Qiu WQ, Walsh DM, Ye Z, et al. Insulin-degrading enzyme regulates extracellular levels of
amyloid beta-protein by degadation. J Biol Chem. 1998; 273(49):32730-8. [PubMed: 9830016]
Blasko I, Kemmler G, Jungwirth S, et al. Prospective study on association between plasma amyloid
beta-42 and atherosclerotic risk factors. J Neural Transm. 2011; 118:663-72. [PubMed: 21344239]
Rubio I, Caramelo C, Gil A, Lopez MD, Garcia de Yebenes J. Plasma amyloid-B, Ap1-42, load is
reduced by haemodialysis. Journal of Alzheimer’s Disease. 2006; 10:439-43.

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2014 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Metti et al.

Page 9

32. Jarvik G, Larson EB, Goddard K, Wijsman EM. Influence of apolipoprotein E genotype on the
transmission of Alzheimer disease in a community-based sample. Am J Hum Genet. 1996;
58:191-200. [PubMed: 8554056]

33. Diniz BS, Teixeira AL. Brain-derived neurotrophic factor and Alzheimer’s disease:
Physiopathyology and beyond. Neuromolecular Med. 2011 Sep 7. [Epub ahead of print].

34. Gorelick PB. Role of inflammation in cognitive impairment: results of observatrional
epidemiological studies and clinical trials. Ann NY Acad Sci. 2010; 1207:155-62. [PubMed:
20955439]

35. Innogenetics. New prospects for research into Alzheimer’s disease with INNO-BIA plasma AB
forms. A standardized research test for measuring the concentrations of beta-amyloid isoforms in
blood. A Literature Review. 2007:1-10.

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2014 July 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Metti et al.

Demographic and medical correlates of plasma Ap40 among 997 older adults

Table 1

Baseline Characteristics Tertile1 n=333 Tertile2n=331 Tertile3N=333  p-value
N (%) or Mean (SD)

Age, years 73.6 (3.0) 74.0 (2.8) 74.5 (2.9) .0001
Black Race 201 (60.4) 190 (57.4) 147 (44.1) <.0001
Female Sex 184 (55.3) 187 (56.5) 179 (53.8) 78
Education (=HS) 223 (67.2) 226 (68.5) 197 (59.5) 03
Literacy (REALM, 28 grade) 94 (29.9) 85 (27.8) 87 (27.8) .79
3MS 91.0 (5.4) 91.2 (5.5) 91.1(5.2) 0.90
Social Support 171 (51.4) 165 (49.9) 152 (45.7) 0.26
Body Mass Index 27.7(5.2) 28.0 (4.8) 27.5 (4.8) .35
Physical Activity (kcal per week) 1055.5 (2373.2) 1133.3 (2455.5) 982.4 (1465.0) 0.66
Depressive Symptoms (CES-D<16) 13 (3.9) 22 (6.7) 11 (3.3) .09
Stroke/TIA History 25 (7.5) 33(10.1) 37 (11.3) 25
Diabetes History 74 (23.2) 83 (25.6) 83 (25.9) .69
Myocardial Infarction History 25 (7.6) 38 (11.6) 42 (12.8) .07
Cholesterol (mg/dI) 202.7 (37.6) 208.4 (41.1) 202.2 (39.3) 0.08
Triglycerides (mg/dl) 126.8 (80.6) 131.1 (100.5) 138.5 (68.0) 0.19
HDL (mg/dl) 56.6 (17.7) 55.1 (16.7) 52.9 (16.5) 0.02
LDL (mg/dl) 121.4 (34.5) 127.2 (35.5) 121.6 (35.4) 0.06
APOE ¢4 allele (<1 e4 allele) 96 (30.9) 101 (32.2) 93 (29.5) 77
BDNF (pg/ml) 23361.6 (10648.3) 21206.2 (11064.9) 20944.4 (10022.9)  0.006
Creatinine (mg/dl) 1.0 (0.2) 1.0(0.3) 1.2 (0.5) <.0001
C-reactive Protein (jLg/mL) 3.0(3.9) 2.9 (4.0) 3.4(7.3) 42
Tumor Necrosis Factor (pg/ml) 33(2.1) 3.2(1.3) 3717 0.0007
IL-6 (pg/ml) 2.3(L.9) 2.2(L.7) 2.4 (1.8) 0.28
Smoker (Ever vs. Never) 183 (55.0) 180 (54.4) 180 (54.4) .99

*
N (%) below the median; variable defined as a combination of friends, neighbors and relatives who visit per week.

Page 10

AB40 indicates amyloid beta-40; SD standard deviation; HS high school; REALM Rapid Estimate of Adult Literacy in Medicine; 3MS Modified

Mini-Mental Status Exam; CES-D Center for Epidemiologic Studies Depression Scale; TIA transient ischemic attack; HDL high-density
lipoprotein cholesterol; LDL low-density lipoprotein cholesterol; APOE Apolipoprotein E; BDNF brain-derived neurotrophic factor; IL-6

interleukin-6.
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Table 2

Demographic and medical correlates of plasma Ap42 among 997 older adults

Baseline Characteristics Tertile1 n=328 Tertile2n=339 Tertile3n=330 p-value
N (%) or Mean (SD)

Age, years 74.0 (3.0) 73.8 (2.9) 74.2 (2.9) a7
Black Race 214 (65.2) 173 (51.0) 151 (45.8) <.0001
Female Sex 196 (59.8) 171 (50.4) 183 (55.5) .05
Education (<HS) 231 (70.6) 222 (65.7) 193 (58.8) .006
Literacy (REALM, <8 grade) 95 (30.8) 97 (30.9) 74 (23.8) .08
3MS Score 90.7 (5.5) 91.1(5.3) 91.4 (5.3) 0.30
Social Support 179 (54.6) 155 (45.7) 154 (46.7) 0.05
Body Mass Index 276 (5.2) 27.5(4.3) 28.1(5.3) .26
Physical Activity (kcal per week) 929.8 (1971.7) 1042.1 (1733.5) 1198.4 (2669.9) 0.27
Depressive Symptoms (CES-D 216) 13 (4.0) 12 (3.5) 21(6.7) 17
Stroke/TIA History 28 (8.6) 31(9.3) 36 (11.0) 56
Diabetes History 94 (29.8) 78 (23.7) 68 (21.3) .04
Myocardial Infarction History 39(8.9) 34 (10.2) 42 (12.9) .24
Cholesterol (mg/dI) 203.2 (38.0) 205.4 (39.2) 204.6 (41.2) 0.76
Triglycerides (mg/dl) 128.5 (80.9) 127.4 (65.6) 140.8 (101.9) 0.08
HDL (mg/dl) 57.3(17.9) 53.9 (15.9) 53.5 (16.9) 0.007
LDL (mg/dl) 120.8 (34.7) 125.8 (35.4) 123.5 (35.4) 0.20
APOE ¢4 allele (21 e4 allele) 118 (38.3) 99 (31.3) 73 (23.1) .0002
BDNF (pg/ml) 22798.0 (10910.9) 21328.8 (10138.0) 21408.9 (10810.7)  0.14
Creatinine (mg/dl) 1.0 (0.2) 1.0(0.2) 1.1 (0.6) <.0001
C-reactive Protein (jLg/mL) 3.2(6.4) 2.7 (3.4) 3.4(5.8) .16
Tumor Necrosis Factor (pg/ml) 3.3(21) 3.3(1.4) 3.6 (1.7) 0.07
IL-6 (pg/ml) 2.2 (1.5) 2.4 (2.0) 2.4 (1.9) 0.58
Smoker (Ever vs. Never) 192 (58.5) 184 (54.3) 167 (50.9) .15

*
N (%) below the median; variable defined as a combination of friends, neighbors and relatives who visit per week.
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AB42 indicates amyloid beta-42; SD standard deviation; HS high school; REALM Rapid Estimate of Adult Literacy in Medicine; 3MS Modified

Mini-Mental Status Exam; CES-D Center for Epidemiologic Studies Depression Scale; TIA transient ischemic attack; HDL high-density
lipoprotein cholesterol; LDL low-density lipoprotein cholesterol; APOE Apolipoprotein E; BDNF brain-derived neurotrophic factor; IL-6

interleukin-6.
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Table 3

Stepwise multivariate linear regression associations with plasma AB40 and AB42

Variable Parameter () Standard Error  F-value p-value
Ap40
Age 1.34 0.53 6.39 0.01
Black race -14.70 313 22.01  <0.0001
Creatinine 52.91 4.29 151.77  <0.0001
Serum BDNF -0.0004 0.0001 7.34 0.007
Ap42
Black race -3.72 0.67 30.83 <0.0001
Femal sex 1.39 0.67 4.32 0.04
Education 1.50 0.69 4.78 0.03
APOE e4 -2.82 0.69 16.57  <0.0001
Creatinine 9.32 0.85 120.09  <0.0001

AB40 indicates amyloid beta-40; AB42 amyloid beta-42; BDNF brain-derived neurotrophic factor; APOE Apolipoprotein E.
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Multivariate correlates of the rate of change in plasma Ap40 and Ap42.

Table 4

Rate of changein plasma A (95% CIl) per unit

Variable Unit AB40 AB42

Age 291 3.90 (0.88, 6.92) NA

Race 1 -14.70 (-20.83, -8.57)  -3.72 (-5.03, -2.41)
Sex 1 NA 1.39 (0.08, 2.70)
Education 1 NA 1.50 (0.15, 2.85)
Creatinine 0.85 mg/dl 19.58 (16.47,22.69)  -2.82 (-4.17, -1.47)
APOE e4 1 NA 3.45 (2.83, 4.07)
BDNF 10631.18 pg/ml  -4.25 (-6.33, -2.17) NA
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AB40 indicates amyloid beta-40; AB42 amyloid beta-42; Cl confidence interval; NA not applicable; APOE Apolipoprotein E; BDNF brain-derived

neurotrophic factor.
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