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Abstract 

Amyloid-β (Aβ) pathology is a major component in the mechanisms behind Alzheimer’s 

disease (AD). Measurement of Aβ42 in cerebrospinal fluid predicts cognitive decline in 

patients with mild cognitive impairment and identifies AD in patients with dementia. 

However, studies on Aβ in plasma are contradictory. In this prospective population-based 

study, plasma Aβ42 and Aβ40 were measured at baseline in 730 adults aged 70 years or older 

and without dementia. After five years, plasma levels were analyzed again and participants 

were assessed for development of dementia. During follow-up, 53 individuals (7 %) 

developed dementia of which 37 (5 %) were classified as AD. No difference in baseline 

plasma Aβ42, Aβ40 or Aβ42/Aβ40 ratio levels were observed between converters to dementia or 

AD compared to the cognitively stable individuals. However, individuals with plasma Aβ40 

levels above the median level for the group at baseline had an increased risk of developing 

dementia and AD during the follow-up, even after adjustment for age, sex, APOE genotype 

and educational level (odds ratio=2.2, 95% confidence interval=1.0-4.7, p <0.05). Neither 

plasma Aβ42 nor the Aβ42/Aβ40 ratio influenced the risk of developing dementia or AD. 

Moreover, Aβ42 and Aβ40 levels increased over the 5 years, whereas the Aβ42/Aβ40 ratio 

decreased (p <0.001). In conclusion, this study suggests that measurement of plasma Aβ 

should not be used clinically to predict dementia or AD. However, plasma Aβ40 may possibly 

be regarded as a moderate risk marker comparable to other risk markers for AD such as first-

degree family history of dementia. 

 

Keywords: Amyloid beta 40, Amyloid beta 42, Biological Markers, Plasma, Alzheimer 

Disease, Dementia, Cohort Studies. 
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Introduction 

Alzheimer’s disease (AD) is the most common cause of dementia and is associated with large 

cost for the health care system. Development of disease-arresting or -modifying drugs for AD 

is currently ongoing. To be effective and prevent development of dementia, these novel 

therapeutic agents must be administered before extensive, irreversible neuropathologic 

damage has occurred. Hence, early or preclinical detection of individuals with ongoing 

neurodegenerative processes will be important in the future. For this purpose, biological 

markers must be identified, since changes in cognition are relatively late symptoms of these 

processes [1]. 

One of the hallmark neuropathologic changes in AD is the occurrence of senile plaques. The 

major component in these plaques is amyloid-β (Aβ). This is a product of a proteolytic 

cleavage of the cell-membrane bound amyloid precursor protein (APP) by a specific set of 

secretases. Depending on the cleavage site, different isoforms of Aβ are produced. The most 

studied Aβ isoforms contain 40 amino acids (Aβ40) or 42 amino acids (Aβ42). Aβ40 is most 

abundant whereas Aβ42 is more prone to aggregate into oligomerers, fibrils and eventually 

into plaques. Aβ40 is also found in plaques but is believed to aggregate first after the core of 

the plaque consisting primarily of Aβ42 has developed [2, 3].  

As a biomarker for AD, the levels of Aβ42 in the cerebrospinal fluid (CSF) discriminate and 

predict AD with high accuracy in patients with mild cognitive impairment (MCI) [4, 5]. CSF 

Aβ42 levels have even correlated with future cognitive decline in cognitively unimpaired 

healthy individuals [6-8]. In contrast, CSF Aβ40 levels have not shown the same high 

accuracy [2]. Measurement of Aβ in plasma instead of in CSF would be of value, because 

plasma is more easily obtained than CSF in the clinical practice. However, reports on the 

ability of plasma Aβ40 and Aβ42 levels to discriminate and predict AD in cohorts with MCI 
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have been contradictory [2, 9-11]. Similarly, mixed results have been reported in the ability of 

plasma Aβ levels to predict cognitive decline and AD development in older individuals 

without dementia [2, 9-11]. 

In the present study we investigated whether plasma Aβ levels predicted development of 

dementia and AD in a population-based cohort of adults aged 70 years and older and without 

dementia. Plasma was analyzed for Aβ40 and Aβ42 in 730 healthy elderly who were 

subsequently followed for five years related to development of any type of dementia disorder. 
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Materials and Methods 

The study sample was derived from the Prospective Population Study of Women (PPSW) and 

from the Gerontological and Geriatric Population Studies (H70) in Gothenburg, Sweden [12-

14]. Population samples were obtained from the Swedish Population Register, based on birth 

date, and included both persons living in private households and in institutions. The PPSW 

had its baseline examination in 1968-69 on a representative sample of women born in 1908, 

1914, 1918, 1922, and 1930. One of the follow-up examinations was conducted in 2000, 

when participants were at least 70 years old. The H70 Study is a study of birth cohorts with 

baseline examinations at age 70 years. A new cohort of men and women born in 1930 was 

examined for the first time in 2000. In total, an effective sample of 1479 individuals from 

PPSW and H70 was invited for examination in 2000, and 1018 accepted a neuropsychiatric 

examination (response rate 68.8%, men 64%, women 71%; p<0.05). The participants were 

included in the present study if they: (1) had Aβ40 and/or Aβ42 measurements and (2) were 

without dementia at baseline (i.e. year 2000). Among the examined 1018 participants, 760 

had Aβ40 and/or Aβ42 measurements, and of those, 30 were excluded because of dementia, 

leaving 730 individuals for inclusion in the study (202 men, 528 women).  

In 2005-06, a 5-year follow-up of the included participants was conducted. Between baseline 

and follow-up, 64 participants had died leaving an effective sample of 666 individuals. 

Among these, 99 were lost due to other reasons (mainly refusal), leaving 567 (response rate 

85%) for follow-up examination. Those not attending the follow-up examination (n=163), 

were traced in medical records for a diagnosis of dementia.  

Compared to non-participants (n=461), those who participated (n=1018) in the study were 

less likely to die before January 2006 (13.4% vs. 20.4%, p<0.05), and were less often 

registered with a psychiatric diagnosis (9.6% vs. 16.7%, p<0.001) in the Swedish Hospital 
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Discharge register. In women, there were no significant differences in age (p=0.597) or 

hospital discharge diagnoses of dementia (3.3% vs. 5.0%, p=0.112). All men were 70 years 

old. 

Informed consent was obtained from all participants and/or their relatives. The study was 

approved by the Ethics Committee for Medical Research at the University of Gothenburg. 

 

Study examinations 

Most participants were investigated at the geriatric outpatient clinic of Vasa Hospital in 

Gothenburg. Home visits were offered when needed. Examinations included comprehensive 

social, functional, somatic, neuropsychiatric and neuropsychological examinations, and close 

informant interviews. Neuropsychiatric examinations and close informant interviews were 

performed by experienced psychiatric research nurses. The examinations and interviews were 

semi-structured and included psychiatric symptoms and signs, mental and cognitive 

functioning, behaviour, and activities of daily living, as described previously [15]. Episodic 

memory was estimated with a ten word immediate and delayed recall test with an 

intermediate distraction task. 

The somatic examinations included systolic and diastolic blood pressure (SBP/DBP) in the 

seated position after 5 minutes rest, body height (nearest cm) and weight (nearest 0.1 kg), 

body-mass-index (BMI) determination (kg/m2), electrocardiogram (ECG) and fasting blood 

samples analyzed for determination of Aβ levels, APOE genotype, glucose, and cholesterol. 

The participants were additionally surveyed regarding educational level (less or more than 

basic = 6-7 years), medication use, and history of myocardial infarction, diabetes mellitus and 

stroke/TIA. Antiplateletes treatment was categorized as use of acetylsalicylic acid or 

clopidogrel. 
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Dementia diagnoses 

Dementia at the examinations was diagnosed according to the Diagnostic and Statistical 

Manual of Mental Disorders, Third edition, revised (DSM-III-R) criteria [16]  by 

neuropsychiatrists at consensus meetings using information from neuropsychiatric 

examinations and close informant interviews. AD was diagnosed according to NINCDS-

ADRDA-criteria [17] and Vascular dementia (VaD) according to NINDS-AIREN criteria 

[18].  

For those who were lost to follow-up in 2005-06, psychiatrists examined hospital medical 

records, the Swedish Hospital Discharge Register, and death certificates for information 

regarding dementia diagnoses. Information regarding dementia diagnoses was available for all 

participants since almost all people in Sweden have access to public health services and 

therefore have equal chances to have medical records, or being in the hospital discharge 

register. 

 

Analysis of plasma 

At baseline and follow-up blood samples were drawn by venipuncture in the morning after an 

overnight fast. For plasma collection, blood was drawn into tubes containing EDTA as 

anticoagulant. After centrifugation, plasma was aliquoted into polypropylene tubes and stored 

at −80 °C pending biochemical analyses, without being thawn and re-frozen. Quantification of 

Aβ40 and Aβ42 in plasma was performed using Luminex xMAP technology and the INNO-

BIA plasma Aβ forms assays (Innogenetics, Ghent, Belgium) as previously described [19]. 

Plasma Aβ levels are presented as ng/L. 
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Serum cholesterol levels were measured at the Clinical Chemistry Laboratory at Sahlgrenska 

University Hospital according to clinical practice and measured in mmol/l. 

 

Statistical analyses 

Two primary analysis strategies were pursued: 1) baseline, cross-sectional among all study 

participants; and 2) prospective analyses predicting the odds of dementia from baseline Aβ 

measures. 

Baseline, cross-sectional analyses: Means and standard deviations were calculated for all 

quantitative variables (e.g., age, MMSE score, Aβ levels, BMI, etc. Table 1); and frequencies 

and percentages for categorical variables (e.g., percentage APOE-4, presence of 

antihypertensive treatment, etc. Table 1). Correlational analyses with Aβ levels were assessed 

using non-parametric Mann-Whitney U-test (follow-up diagnosis, sex, antiplateletes treatment 

and presence of APOE-4), Kruskal-Wallis test (follow-up cognitive status) and Spearman's 

rank correlation coefficient (age, MMSE score and delayed word recall score).  

Prospective analyses: Logistic regression models were used to estimate the odds of dementia 

and of AD by plasma Aβ levels. Four regression models were used. Model 1 was unadjusted. 

Model 2 was adjusted for age. Model 3 was adjusted for age, sex, APOE genotype, MMSE 

score, and education level. Model 4 was adjusted for age, sex, APOE genotype, MMSE score, 

education level, history of stroke, history of myocardial infarction, history of diabetes, use of 

antihypertensive treatment, cholesterol level, body-mass-index (BMI), and systolic and 

diastolic blood pressure. All model covariates are from the baseline examination. Plasma Aβ 

levels were analyzed as continuous variables (Z-scores), as well as dichotomized based on the 

median. Tertiles of Aβ levels were also considered and the lowest tertile was used as 
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reference. Logistic regression was performed using all participants as well as using only the 

subgroup with follow-up neuropsychiatric exam in year 2005-06. Moreover, longitudinal 

change in plasma Aβ levels on a group level was analyzed with Wilcoxon Signed Ranks Test. 

Statistical analyses were performed using all available data. Missing data were treated as 

missing and no data were imputed, thus the number of participants varies slightly between 

analyses. The significant level was set to p <0.05. SPSS for Windows®, version 19.0 was used 

for the statistical analyses. 
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Results 

Of 730 participants without dementia at baseline, 53 (7 %) developed dementia during the 5-

year follow-up period (AD in 37 (5%) individuals, VaD in 11 (2%) individuals and other 

dementias (OD) in 5 (1%) individuals) (Figure 1). Of the 567 participants with a follow-up 

neuropsychiatric exam in 2005-6, 46 (8%) had dementia at follow-up (Figure 1). Baseline 

demographic data for the participants divided by clinical follow-up diagnosis are presented in 

table 1. At baseline, higher Aβ40 and Aβ42 was associated with higher age (p< 0.05), whereas 

no association was seen with sex, presence of APOE-4 allele, follow-up MMSE score or 

antiplateletes treatment (n = 130). However, APOE-4 allele positive participants had a 

tendency for lower Aβ42/Aβ40 ratio compared to those without an 4 allele (p<0.07). 

Participants who developed dementia during follow-up did not differ in baseline plasma Aβ40 

or Aβ42 levels compared to those remaining without dementia (Table 1). This was also 

observed in analyses by dementia subtype (Table 1). However, as shown in table 2, 

individuals with Aβ40 levels above the median baseline level for the entire group had an 

increased risk for developing dementia in general and AD dementia in particular. The 

increased risk of incident AD remained even after adjustment for age, sex, APOE genotype, 

MMSE score and educational level (Table 2). No increased risk was observed for Aβ40 tertile 

or z-values or for any of the variables of Aβ42 and Aβ42/Aβ40 ratio. However, if only including 

participants in the neuropsychiatric exam in 2005 (n=567), the association between Aβ40 

concentration and future dementia and AD became stronger (Table 3). In this group, Aβ40 

levels within the middle tertile level for the entire group increased the risk of development of 

AD compared to those within the lowest tertile. No increased risk was seen for those within 

the highest tertile. Aβ42 levels and Aβ42/Aβ40 ratio remained non-significant.  



  11

In 324 individuals, plasma collection was performed both at baseline and at follow-up. In this 

group, Aβ40 and Aβ42 levels increased over the 5 years (p <0.001), whereas the Aβ42/Aβ40 

ratio levels decreased (p <0.001). Sub-analysis of the individuals that remained non-demented 

(n = 295) at follow-up, showed the same significant increase in Aβ40 and Aβ42 levels, and 

decrease in Aβ42/Aβ40 ratio levels (p< 0.001). The same tendencies could be seen in the 

demented group (n = 29) and the AD group (n = 21) at follow-up, however these were not 

significant.  

Sub-analysis revealed that the non-demented individuals with high MMSE scores at follow-

up ( 27, n = 431) did not differ from those with lower MMSE scores at follow-up (<27, n = 

87) when it comes to baseline plasma Aβ40 levels, Aβ42 levels, or Aβ42/Aβ40 ratio. Similarly, 

no difference was observed between those in the non-demented group who performed well or 

poorer on the delayed word recall test at follow-up, regardless of the cut-off score used on the 

memory test.    
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Discussion 

In this study we found that individuals without dementia and with plasma Aβ40 levels above 

the median level for the population had a slightly increased risk to develop dementia and AD 

dementia over a 5-year period. However, the plasma levels of Aβ42 and Aβ42/Aβ40 ratio were 

not found to be associated with future development of dementia. 

The ability of plasma Aβ40 and Aβ42 levels in population-based samples of older adults to 

predict dementia has been studied previously, and the results are conflicting. Most of the 

population-based studies align with our findings suggesting that higher plasma Aβ40 levels are 

related to an increased risk of developing AD dementia, and in some cases, an increased risk 

of VaD [20-23]. However, several other population-based studies report no relationship 

between plasma Aβ40 and AD dementia [24-26] or between plasma Aβ40 and cognitive 

decline [27] or that decreased plasma Aβ40 levels are related to an increased risk of AD [28]. 

Similarly, studies investigating the utility of plasma Aβ40 to discriminate individuals with AD 

dementia from other dementia subtypes report conflicting findings, where both higher levels 

[21] and lower levels [28, 29] of plasma Aβ40 levels have been associated with AD dementia, 

as well as no difference in Aβ40 levels from other dementia subtypes [19, 30-32]. Conflicting 

patterns are also observed for plasma Aβ42 [19, 22, 24-28, 31] and plasma Aβ42/Aβ40 ratio, 

[21, 22, 25, 26, 30, 32] which in our study did not affect the risk for development of dementia 

or AD dementia. Additionally, it is evident in all studies that there is substantial overlap in 

plasma Aβ40 and Aβ42 levels between diagnostic groups [9, 11, 32]. The contradictory results 

and the substantial overlap between diagnostic groups together with the moderately increased 

odds ratio found in the present study strongly suggest that plasma Aβ40 and Aβ42 are not 

diagnostic or predictive markers for AD that can be used in a clinical setting. Instead, Aβ40 

could possibly be regarded as a rather weak risk marker, which has also been proposed by 
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others [10, 11, 20]. The odds ratio of plasma Aβ40 for future AD is similar to that reported for 

first-degree family history of dementia [33, 34].  

Several studies have shown that plasma Aβ levels do not correlate to amount of cerebral 

amyloid depositions [35-37]. Thus, plasma Aβ differs from CSF Aβ42 because there are 

studies showing a correlation between CSF amyloid and brain amyloid load [36, 38]. 

Similarly, the association between Aβ42 in CSF and future development of AD is stronger 

than that presented for plasma Aβs [2, 4, 9]. A possible explanation is that plasma Aβ is 

produced by many different cells types outside the central nervous system [2, 11, 39] and 

several studies have shown that plasma levels of Aβ do not correlate to the levels found in 

CSF [19, 35-37]. It has been proposed that plasma Aβ levels reflect Aβ clearance rather than 

cerebral Aβ load and might associate more strongly with microvascular dysfunction than CSF 

concentrations [11]. Additional support for this hypothesis are observed relationships between 

plasma Aβ levels and amount of both lacunar infarcts and white matter lesions as well as with 

atherosclerotic vessels. This could also explain observations that plasma Aβ40 levels are 

associated with future development of VaD in addition to AD [21, 39-41]. 

While there are numerous strengths of this study, there are also limitations. First, participants 

in this study were all without dementia at baseline and re-evaluated after 5 years. This follow-

up period is short, and there is a risk that some of the cases in the cognitively stable group are 

indeed affected by prodromal dementia disorders and will develop dementia after more than 5 

years. Hence, the OR presented could be underestimated, given the assumption that plasma 

Aβ40 is also changed in this asymptomatic subgroup. Clinical follow-up periods of more than 

five years are needed to answer this question. Second, no evaluation in regard to MCI 

diagnosis was available for the individuals, which could further increase the risk of 

underestimating the prevalence of prodromal dementia disorders. However, no relationship 

between MMSE score or episodic memory performance at follow-up and the studied plasma 
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Aβ levels could be observed in the group who did not develop dementia. Third, not all 

participants (22 %) were clinically evaluated at follow-up. For these individuals the follow-up 

dementia diagnosis was based on a medical record review and information from the Swedish 

Hospital Discharge Register. The risk of misclassification is greater in this subgroup without 

neuropsychiatric examination at follow-up. However, conducting the analyses separately for 

those participating in the neuropsychiatric examination (78 %) shows similar results, as those 

obtained using all participants in the study. Nevertheless, in comparison to the other plasma 

amyloid studies using community dwelling population [20-22, 24-28, 30], this study could 

include a relatively high percentage (49 %) of individuals from the original cohort. Moreover, 

quite few individuals were lost during follow-up as journal records were used in addition to 

the clinical evaluation within the study.  

 

Conclusions 

Our data suggest that measurement of plasma Aβ is not clinically useful to predict AD or 

dementia. However, plasma Aβ40 may possibly be regarded as a moderate risk marker 

comparable to other risk markers for AD such as first degree family history of dementia.  

 

Acknowledgements 

This work was supported by the Swedish Research Council; Swedish Brain Power; ALF 

funding for medical training and research; the Torsten and Ragnar Söderberg Foundation; 

Hans-Gabriel & Alice Trolle-Wachtmeisters foundation for medical research; State 

University of New York Research Foundation. 

 



  15

References 

[1]  Dubois B, Feldman HH, Jacova C, Dekosky ST, Barberger‐Gateau P, Cummings J, Delacourte A, 

Galasko D, Gauthier S, Jicha G, Meguro K, O'Brien J, Pasquier F, Robert P, Rossor M, Salloway 

S, Stern Y, Visser PJ, Scheltens P (2007) Research criteria for the diagnosis of Alzheimer's 

disease: revising the NINCDS‐ADRDA criteria. Lancet Neurol 6, 734‐746. 

[2]  Blennow K, Hampel H, Weiner M, Zetterberg H (2010) Cerebrospinal fluid and plasma 

biomarkers in Alzheimer disease. Nat Rev Neurol 6, 131‐144. 

[3]  Zetterberg H, Blennow K, Hanse E (2010) Amyloid beta and APP as biomarkers for 

Alzheimer's disease. Exp Gerontol 45, 23‐29. 

[4]  Mattsson N, Zetterberg H, Hansson O, Andreasen N, Parnetti L, Jonsson M, Herukka SK, van 

der Flier WM, Blankenstein MA, Ewers M, Rich K, Kaiser E, Verbeek M, Tsolaki M, Mulugeta 

E, Rosen E, Aarsland D, Visser PJ, Schroder J, Marcusson J, de Leon M, Hampel H, Scheltens P, 

Pirttila T, Wallin A, Jonhagen ME, Minthon L, Winblad B, Blennow K (2009) CSF biomarkers 

and incipient Alzheimer disease in patients with mild cognitive impairment. JAMA 302, 385‐

393. 

[5]  Hansson O, Zetterberg H, Buchhave P, Londos E, Blennow K, Minthon L (2006) Association 

between CSF biomarkers and incipient Alzheimer's disease in patients with mild cognitive 

impairment: a follow‐up study. Lancet Neurol 5, 228‐234. 

[6]  Gustafson DR, Skoog I, Rosengren L, Zetterberg H, Blennow K (2007) Cerebrospinal fluid beta‐

amyloid 1‐42 concentration may predict cognitive decline in older women. J Neurol 

Neurosurg Psychiatry 78, 461‐464. 

[7]  Stomrud E, Hansson O, Zetterberg H, Blennow K, Minthon L, Londos E (2010) Correlation of 

longitudinal cerebrospinal fluid biomarkers with cognitive decline in healthy older adults. 

Arch Neurol 67, 217‐223. 



  16

[8]  Fagan AM, Roe CM, Xiong C, Mintun MA, Morris JC, Holtzman DM (2007) Cerebrospinal fluid 

tau/beta‐amyloid(42) ratio as a prediction of cognitive decline in nondemented older adults. 

Arch Neurol 64, 343‐349. 

[9]  Hampel H, Shen Y, Walsh DM, Aisen P, Shaw LM, Zetterberg H, Trojanowski JQ, Blennow K 

(2010) Biological markers of amyloid beta‐related mechanisms in Alzheimer's disease. Exp 

Neurol 223, 334‐346. 

[10]  Irizarry MC (2004) Biomarkers of Alzheimer disease in plasma. NeuroRx 1, 226‐234. 

[11]  Kawarabayashi T, Shoji M (2008) Plasma biomarkers of Alzheimer's disease. Curr Opin 

Psychiatry 21, 260‐267. 

[12]  Skoog I (2004) Psychiatric epidemiology of old age: the H70 study‐‐the NAPE lecture 2003. 

Acta Psychiatr Scand 109, 4‐18. 

[13]  Bengtsson C, Ahlqwist M, Andersson K, Bjorkelund C, Lissner L, Soderstrom M (1997) The 

Prospective Population Study of Women in Gothenburg, Sweden, 1968‐69 to 1992‐93. A 24‐

year follow‐up study with special reference to participation, representativeness, and 

mortality. Scand J Prim Health Care 15, 214‐219. 

[14]  Steen B, Djurfeldt H (1993) The gerontological and geriatric population studies in 

Gothenburg, Sweden. Z Gerontol 26, 163‐169. 

[15]  Skoog I, Nilsson L, Palmertz B, Andreasson LA, Svanborg A (1993) A population‐based study 

of dementia in 85‐year‐olds. N Engl J Med 328, 153‐158. 

[16]  American Psychiatric Association (1987) Diagnostic and Statistical Manual of Mental 

Disorders. Fourth Edition (DSM‐IIIR), American Psychiatric Association, Washington D.C. 

[17]  McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM (1984) Clinical 

diagnosis of Alzheimer's disease: report of the NINCDS‐ADRDA Work Group under the 

auspices of Department of Health and Human Services Task Force on Alzheimer's Disease. 

Neurology 34, 939‐944. 



  17

[18]  Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC, Garcia JH, Amaducci L, 

Orgogozo JM, Brun A, Hofman A, et al. (1993) Vascular dementia: diagnostic criteria for 

research studies. Report of the NINDS‐AIREN International Workshop. Neurology 43, 250‐

260. 

[19]  Hansson O, Zetterberg H, Vanmechelen E, Vanderstichele H, Andreasson U, Londos E, Wallin 

A, Minthon L, Blennow K (2010) Evaluation of plasma Abeta(40) and Abeta(42) as predictors 

of conversion to Alzheimer's disease in patients with mild cognitive impairment. Neurobiol 

Aging 31, 357‐367. 

[20]  Lopez OL, Kuller LH, Mehta PD, Becker JT, Gach HM, Sweet RA, Chang YF, Tracy R, DeKosky ST 

(2008) Plasma amyloid levels and the risk of AD in normal subjects in the Cardiovascular 

Health Study. Neurology 70, 1664‐1671. 

[21]  van Oijen M, Hofman A, Soares HD, Koudstaal PJ, Breteler MM (2006) Plasma Abeta(1‐40) 

and Abeta(1‐42) and the risk of dementia: a prospective case‐cohort study. Lancet Neurol 5, 

655‐660. 

[22]  Cosentino SA, Stern Y, Sokolov E, Scarmeas N, Manly JJ, Tang MX, Schupf N, Mayeux RP 

(2008) Plasma ss‐amyloid and cognitive decline. Arch Neurol 67, 1485‐1490. 

[23]  Abdullah L, Luis C, Paris D, Ait‐ghezala G, Mouzon B, Allen E, Parrish J, Mullan MA, Ferguson 

S, Wood M, Crawford F, Mullan M (2009) High serum Abeta and vascular risk factors in first‐

degree relatives of Alzheimer's disease patients. Mol Med 15, 95‐100. 

[24]  Mayeux R, Honig LS, Tang MX, Manly J, Stern Y, Schupf N, Mehta PD (2003) Plasma A[beta]40 

and A[beta]42 and Alzheimer's disease: relation to age, mortality, and risk. Neurology 61, 

1185‐1190. 

[25]  Schupf N, Tang MX, Fukuyama H, Manly J, Andrews H, Mehta P, Ravetch J, Mayeux R (2008) 

Peripheral Abeta subspecies as risk biomarkers of Alzheimer's disease. Proc Natl Acad Sci U S 

A 105, 14052‐14057. 



  18

[26]  Graff‐Radford NR, Crook JE, Lucas J, Boeve BF, Knopman DS, Ivnik RJ, Smith GE, Younkin LH, 

Petersen RC, Younkin SG (2007) Association of low plasma Abeta42/Abeta40 ratios with 

increased imminent risk for mild cognitive impairment and Alzheimer disease. Arch Neurol 

64, 354‐362. 

[27]  Yaffe K, Weston A, Graff‐Radford NR, Satterfield S, Simonsick EM, Younkin SG, Younkin LH, 

Kuller L, Ayonayon HN, Ding J, Harris TB (2011) Association of plasma beta‐amyloid level and 

cognitive reserve with subsequent cognitive decline. JAMA 305, 261‐266. 

[28]  Sundelof J, Giedraitis V, Irizarry MC, Sundstrom J, Ingelsson E, Ronnemaa E, Arnlov J, 

Gunnarsson MD, Hyman BT, Basun H, Ingelsson M, Lannfelt L, Kilander L (2008) Plasma beta 

amyloid and the risk of Alzheimer disease and dementia in elderly men: a prospective, 

population‐based cohort study. Arch Neurol 65, 256‐263. 

[29]  Buerger K, Frisoni G, Uspenskaya O, Ewers M, Zetterberg H, Geroldi C, Binetti G, Johannsen P, 

Rossini PM, Wahlund LO, Vellas B, Blennow K, Hampel H (2009) Validation of Alzheimer's 

disease CSF and plasma biological markers: the multicentre reliability study of the pilot 

European Alzheimer's Disease Neuroimaging Initiative (E‐ADNI). Exp Gerontol 44, 579‐585. 

[30]  Seppala TT, Herukka SK, Hanninen T, Tervo S, Hallikainen M, Soininen H, Pirttila T (2010) 

Plasma Abeta42 and Abeta40 as markers of cognitive change in follow‐up: a prospective, 

longitudinal, population‐based cohort study. J Neurol Neurosurg Psychiatry 81, 1123‐1127. 

[31]  Kester MI, Verwey NA, van Elk EJ, Scheltens P, Blankenstein MA (2010) Evaluation of plasma 

Abeta40 and Abeta42 as predictors of conversion to Alzheimer's disease in patients with mild 

cognitive impairment. Neurobiol Aging 31, 539‐540; author reply 541. 

[32]  Lewczuk P, Kornhuber J, Vanmechelen E, Peters O, Heuser I, Maier W, Jessen F, Burger K, 

Hampel H, Frolich L, Henn F, Falkai P, Ruther E, Jahn H, Luckhaus C, Perneczky R, Schmidtke 

K, Schroder J, Kessler H, Pantel J, Gertz HJ, Vanderstichele H, de Meyer G, Shapiro F, Wolf S, 

Bibl M, Wiltfang J (2010) Amyloid beta peptides in plasma in early diagnosis of Alzheimer's 

disease: A multicenter study with multiplexing. Exp Neurol 223, 366‐370. 



  19

[33]  Mendez MF, Underwood KL, Zander BA, Mastri AR, Sung JH, Frey WH, 2nd (1992) Risk factors 

in Alzheimer's disease: a clinicopathologic study. Neurology 42, 770‐775. 

[34]  Prince M, Cullen M, Mann A (1994) Risk factors for Alzheimer's disease and dementia: a case‐

control study based on the MRC elderly hypertension trial. Neurology 44, 97‐104. 

[35]  Freeman SH, Raju S, Hyman BT, Frosch MP, Irizarry MC (2007) Plasma Abeta levels do not 

reflect brain Abeta levels. J Neuropathol Exp Neurol 66, 264‐271. 

[36]  Fagan AM, Mintun MA, Mach RH, Lee SY, Dence CS, Shah AR, LaRossa GN, Spinner ML, Klunk 

WE, Mathis CA, DeKosky ST, Morris JC, Holtzman DM (2006) Inverse relation between in vivo 

amyloid imaging load and cerebrospinal fluid Abeta42 in humans. Ann Neurol 59, 512‐519. 

[37]  Le Bastard N, Aerts L, Leurs J, Blomme W, De Deyn PP, Engelborghs S (2009) No correlation 

between time‐linked plasma and CSF Abeta levels. Neurochem Int 55, 820‐825. 

[38]  Forsberg A, Engler H, Almkvist O, Blomquist G, Hagman G, Wall A, Ringheim A, Langstrom B, 

Nordberg A (2008) PET imaging of amyloid deposition in patients with mild cognitive 

impairment. Neurobiol Aging 29, 1456‐1465. 

[39]  Roher AE, Esh CL, Kokjohn TA, Castano EM, Van Vickle GD, Kalback WM, Patton RL, Luehrs 

DC, Daugs ID, Kuo YM, Emmerling MR, Soares H, Quinn JF, Kaye J, Connor DJ, Silverberg NB, 

Adler CH, Seward JD, Beach TG, Sabbagh MN (2009) Amyloid beta peptides in human plasma 

and tissues and their significance for Alzheimer's disease. Alzheimers Dement 5, 18‐29. 

[40]  van Dijk EJ, Prins ND, Vermeer SE, Hofman A, van Duijn CM, Koudstaal PJ, Breteler MM 

(2004) Plasma amyloid beta, apolipoprotein E, lacunar infarcts, and white matter lesions. Ann 

Neurol 55, 570‐575. 

[41]  Gurol ME, Irizarry MC, Smith EE, Raju S, Diaz‐Arrastia R, Bottiglieri T, Rosand J, Growdon JH, 

Greenberg SM (2006) Plasma beta‐amyloid and white matter lesions in AD, MCI, and cerebral 

amyloid angiopathy. Neurology 66, 23‐29. 

 



  20

Tables 

Table 1. Demographic data and baseline plasma Aβ levels according to 5-year follow-up 

diagnosis. 

      Remained normal  Normal to dementia  Normal to AD  Normal to VaD  Normal to OD 

Number     677     53     37     11     5    

Sex (F/M)     483 / 194     45 / 8*     32 / 5     9 / 2     4 / 1    

Age, baseline     73.1 ± 4.8     77.8 ± 6.2***     77.3 ± 6.1***  78.9 ± 7.0***  78.8 ± 5.9*    

Post compulsory education  263 (39 %)     17 (33 %)     11 (30 %)     4 (40 %)     2 (40 %)    

APOE‐ε4 allele     176 (27 %)     19 (40 %)     13 (38 %)     4 (40 %)     2 (50 %)    

MMSE     27.9 ± 2.4     26.7 ± 2.7***     26.8 ± 2.7***  26.3 ± 3.3**  27.2 ± 1.5    

                                   

Myocardial infarction     57 (8 %)     8 (15 %)     5 (14 %)     1 (9 %)     2 (40 %)    

Diabetes mellitus     51 (7 %)     6 (11 %)     4 (11 %)     2 (18 %)     0 (0 %)    

Antihypertensive treatment  181 (27 %)     15 (29 %)     11 (30 %)     3 (30 %)     1 (20 %)    

Cerebrovascular 
insult 

   94 (14 %)     18 (34 %)***     8 (22 %)     9 (82%)***     1 (20 %)    

Cholesterol level (mmol/L)  6.0 ± 1.1     6.2 ± 0.9     6.4 ± 0.9*     6.0 ± 0.9     5.9 ± 0.8    

BMI     26.8 ± 4.2     25.2 ± 3.8**     25.2 ± 3.7*  23.9 ± 4.1     28.1 ± 2.9    

Blood pressure (mmHg)  156/85 ± 22/11    157/84 ± 20/10    158/85 ± 19/9  145/80 ± 19/13  170/89 ± 18/11 

                                  

Plasma Aβ (ng/L)                                  

Plasma Aβ40     155.2 ± 39.4     160.6 ± 35.1     160.3 ± 34.9  163.6 ± 36.4  154.8 ± 42.8 

Plasma Aβ42     37.9 ± 10.6     39.1 ± 10.6     39.0 ± 11.5  41.3 ± 7.9     35.6 ± 9.8    

Plasma Aβ42/Aβ40 
ratio 

   0.26 ± 0.10     0.26 ± 0.10     0.26 ± 0.11  0.26 ± 0.07     0.26 ± 0.09    

                                   

Data are presented as number (%) or mean ± SD. Each subgroup was compared to those who remained normal: * p <0.05, ** p <0.01, *** 
p <0.001. AD = Alzheimer's disease, VaD = vascular dementia, OD = other dementias, F = female, M =male, MMSE = mini‐mental state 
examination, BMI = body‐mass‐index, Aβ = Amyloid β.  
 
Missing data: Remained normal ‐ post compulsory education (7), APOE (31), MMSE (1), heart disease (1), diabetes mellitus (1), 
antihypertensive treatment (13), cholesterol (1), BMI (9), systolic blood pressure (1), diastolic blood pressure (30), Aβ40 (7), Aβ42 (1), 
Aβ42/Aβ40 ratio (8); To dementia ‐  post compulsory education (1), APOE (5), antihypertensive treatment (1), systolic blood pressure (1), 
diastolic blood pressure (2), Aβ40 (1), Aβ42/Aβ40 ratio (1); To AD ‐  APOE (3), diastolic blood pressure (1); To VaD ‐  post compulsory 
education (1), APOE (1), antihypertensive treatment (1), blood pressure (1); To OD ‐  APOE (1), Aβ40 (1), Aβ42/Aβ40 ratio (1). 
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Table 2. Associations between baseline Aβ plasma levels and development of dementia or 

AD over 5 years for all participants. 

All participants     Model 1        Model 2        Model 3        Model 4 

        
Odds 
ratio 

95 % 
C.I. 

     
Odds 
ratio 

95 % 
C.I. 

     
Odds 
ratio 

95 % 
C.I. 

     
Odds 
ratio 

95 % 
C.I. 

                                                 

Dementia*                                              

   Aβ40 median     2.0  1.1‐3.5        1.8  1.0‐3.4        ns           ns    

   Aβ40 tertile     ns           ns           ns           ns    

   Aβ40 z‐value     ns           ns           ns           ns    

                                                  

   Aβ42 median     ns           ns           ns           ns    

   Aβ42 tertile     ns           ns           ns           ns    

   Aβ42 z‐values     ns           ns           ns           ns    

                                                  

   Aβ42/Aβ40 median     ns           ns           ns           ns    

   Aβ42/Aβ40 tertile     ns           ns           ns           ns    

   Aβ42/Aβ40 z‐value     ns           ns           ns           ns    

         (n=729)        (n=729)        (n=685)        (n=631) 

Alzheimer's dementia**                   
   Aβ40 median     2.5  1.2‐5.0        2.3  1.1‐4.8        2.2  1.0‐4.7        ns    

   Aβ40 tertile     ns           ns           ns           ns    

   Aβ40 z‐values     ns           ns           ns           ns    

                                                  

   Aβ42 median     ns           ns           ns           ns    

   Aβ42 tertile     ns           ns           ns           ns    

   Aβ42 z‐value     ns           ns           ns           ns    

                                                  

   Aβ42/Aβ40 median     ns           ns           ns           ns    

   Aβ42/Aβ40 tertile     ns           ns           ns           ns    

   Aβ42/Aβ40 z‐value     ns           ns           ns           ns    

         (n=713)        (n=713)        (n=672)        (n=631) 

Model 1: unadjusted; Model 2: adjusted for age; Model 3: adjusted for age, APOE, sex, MMSE score, education level; Model 4: adjusted for age, APOE, 
sex, MMSE score, education level, record of cerebrovascular insult, myocardial infarction and diabetes, any antihypertensive treatment, cholesterol 
level, body‐mass‐index, systolic and diastolic blood pressure. All significant odds ratios had p‐value <0.05. * Seven participants had no Aβ40 values and 
eight participants had no Aβ42/Aβ40 ratio values. ** Six participants had no Aβ40 values and seven participants had no Aβ42/Aβ40 ratio values. N = 
number (in each model), Aβ = Amyloid β, C.I. = confidence interval, ns = non‐significant. 
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Table 3. Associations between baseline plasma Aβ levels and development of dementia or 

AD over 5 years for participants with follow-up neuropsychiatric examination. 

With follow‐up neuropsychiatric 
examination 

Model 1        Model 2        Model 3        Model 4 

        
Odds 
ratio 

95 % C.I.       
Odds 
ratio 

95 % C.I.       
Odds 
ratio 

95 % C.I.       
Odds 
ratio 

95 % C.I. 

                                              

Dementia                             

   Aβ40 median     2.3  1.2‐4.5        2.2  1.1‐4.3        2.1  1.0‐4.3        2.4  1.1‐5.4 

   Aβ40 tertile*     ns           ns           ns           ns    

   Aβ40 z‐value     ns           ns           ns           ns    

         (n=562)        (n=562)        (n=541)        (n=497) 

                                                 

Alzheimer's dementia      

   Aβ40 median     2.8  1.3‐6.2        2.7  1.2‐5.9        2.7  1.1‐6.4        Ns    

   Aβ40 tertile (middle)*  2.8  1.1‐7.4        2.7  1.0‐7.4        3.2  1.1‐9.4        3.3  1.0‐10.3 

   Aβ40 z‐value     ns           ns           ns           ns    

         (n=550)        (n=550)        (n=530)        (n=488) 

Model 1: unadjusted; Model 2: adjusted for age; Model 3: adjusted for age, APOE, sex, MMSE score, education level; Model 4: adjusted for age, APOE, 
sex, MMSE score, education level, record of cerebrovascular insult, myocardial infarction and diabetes, any antihypertensive treatment, cholesterol 
level, body‐mass‐index, systolic and diastolic blood pressure. All significant odds ratios had p‐value <0.05. * Compared to the lowest tertile. N = number 
(in each model), Aβ = Amyloid β, C.I. = confidence interval, ns = non‐significant. 
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Figure Legends 

 

 

Figure 1 

Participant flow-chart with follow-up diagnosis presented for the entire group as well as 

specified for the individuals with full cognitive follow-up evaluation and for the individuals 

with only medical journal record follow-up. 

 

 

 
 


