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Abstract Introduction: This meta-analysis aimed to characterize the nature and magnitude of amyloid (Ab)-
related cognitive impairment and decline in cognitively normal (CN) older individuals.
Method: MEDLINE Ovid was searched from 2012 to June 2016 for studies reporting relationships
between cerebrospinal fluid or positron emission tomography (PET) Ab levels and cognitive impair-
ment (cross-sectional) and decline (longitudinal) in CN older adults. Neuropsychological data were
classified into domains of episodic memory, executive function, working memory, processing speed,
visuospatial function, semantic memory, and global cognition. Type of Ab measure, how Ab burden
was analyzed, inclusion of control variables, and clinical criteria used to exclude participants, was
considered as moderators. Random-effects models were used for analyses with effect sizes expressed
as Cohen’s d.
Results: A total of 37 studies met inclusion criteria contributing 30 cross-sectional (N 5 5005) and
14 longitudinal (N5 2584) samples. Ab-related cognitive impairment was observed for global cogni-
tion (d5 0.32), visuospatial function (d5 0.25), processing speed (d5 0.18), episodic memory, and
executive function (both d’s5 0.15), with decline observed for global cognition (d5 0.30), semantic
memory (d 5 0.28), visuospatial function (d 5 0.25), and episodic memory (d 5 0.24). Ab-related
impairment was moderated by age, amyloid measure, type of analysis, and inclusion of control vari-
ables and decline moderated by amyloid measure, type of analysis, inclusion of control variables, and
exclusion criteria used.
Discussion: CN older adults with high Ab show a small general cognitive impairment and small to
moderate decline in episodic memory, visuospatial function, semantic memory, and global cognition.
� 2016 Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

There is now consensus that in cognitively normal (CN)
older adults, abnormal levels of amyloid-beta (Ab1) indicates
that the pathophysiological process of Alzheimer’s disease

The authors list no conflicts related to the material presented in this

article.

*Corresponding author. Tel.:161 3 9664 1327; Fax:161 3 9664 1301.

E-mail address: jenalle.baker@florey.edu.au

http://dx.doi.org/10.1016/j.dadm.2016.09.002

2352-8729/� 2016 Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

REV 5.4.0 DTD � DADM122_proof � 18 October 2016 � 7:47 am � ce

Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring - (2016) 1-13

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jenalle.baker@florey.edu.au
http://dx.doi.org/10.1016/j.dadm.2016.09.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.dadm.2016.09.002
http://dx.doi.org/10.1016/j.dadm.2016.09.002


(AD) has begun, although it may still be up to 20 years before
these individuals meet clinical criteria for dementia [1–4].
Neuroimaging and fluid biomarkers allow for in vivo
measurement of Ab burden in older individuals using
positron emission tomography (PET) and cerebrospinal fluid
(CSF) sampling, respectively [5,6]. Studies using these
techniques have shown that Ab burden increases with age,
with approximately 10%–20% of CN older adults aged
60–70 years, 20%–30% of those aged 70–80 years, and
30%–40% of those aged 80–90 years being classified as
Ab1 [4,7,8]. Despite their CN classification, prospective
studies indicate that cognitive decline is faster and
progression to a clinical diagnosis of mild cognitive
impairment (MCI) or AD more rapid, in those who are Ab1
compared to matched CN adults with low Ab levels (Ab2)
[2,3]. Characterizing preclinical AD is therefore important
for understanding the pathogenesis of AD.

Although PETAb imaging or CSF sampling identifies reli-
ably the presence of AD pathology in individuals with no overt
symptoms, these procedures are expensive, invasive, and must
occur in specialized medical centers. Ideally, sensitive and
cost-effective clinical measures could be used to identify CN
adults who should be referred for these more expensive and
invasive testing procedures. Neuropsychological assessment
may be useful in this regard, where the presence of a subtle
but specific profile of cognitive dysfunction could indicate
that Ab1 would be classified on CSF sampling or PET imag-
ing.However, to date, there is no agreement onwhat constitutes
subtle cognitive decline among individuals with Ab1. Evi-
dence in support of a cognitive profile indicative of Ab1
comes from neuropsychological studies that use two types of
experimental designs. First are studies that define Ab1-related
cognitive impairment on the basis of the comparison of perfor-
mance on batteries of neuropsychological tests between Ab1
CN older adults and Ab2 CN older adults at a single assess-
ment. Such studies generally report only small and statistically
nonsignificant differences in neuropsychological test perfor-
mance between Ab2 and Ab1 CN older adults [9–13].
Second are studies that define Ab1-related cognitive decline
by evaluating changes in performance on neuropsychological
test batteries over time between Ab1 and Ab2 CN older
adults. Studies using this approach have consistently found
evidence of Ab1-related decline on measures of episodic
memory, executive function, processing speed, visuospatial
function, and language (e.g., [9,11,14–21]). However,
although individual studies have identified areas of cognitive
impairment and decline associated with Ab1, there is
substantial variation between these studies in terms of the
sample sizes enrolled, the domains of cognitive function
assessed, the specific neuropsychological or cognitive tests
used to measure these domains, and the statistical techniques
used to compare Ab1 and Ab2 groups. Furthermore, in
many studies, conclusions about the effects of Ab1 on
cognition have been based only on the presence or absence
of statistical significance. Consequently, small but important
Ab1-related effects may have been missed when sample

sizes did not provide adequate statistical power to render
such differences statistically significant. Meta-analyses of the
existing literature on Ab1-related cognitive impairment, and
decline could therefore provide an effective method for over-
coming the different limitations of individual studies to provide
reliable estimates of Ab1-related cognitive impairment and
decline in preclinical AD.

To date, one meta-analysis evaluated this question and
concluded that associations with Ab burden were strongest
for episodic memory (e.g., r 5 20.12; Hedden et al., 2013
[16]). Additionally, when combining estimates across studies
that measured Ab using CSF, PET, plasma, and histopatho-
logic methods, lower performance in executive function
was also related significantly (r 5 0.08) to Ab burden. Post
hoc analyses indicated that estimates of Ab1-related cogni-
tive dysfunction were unaffected by the experimental design
used, the method of determining Ab levels, or whether demo-
graphic or clinical variables were controlled statistically.
Although this initial meta-analysis provides a good basis for
understanding the effects of Ab on cognition in CN older
adults, its conclusions are limited because a large number
of studies investigating relationships between Ab1 and neu-
ropsychological test performance have been conducted since
its publication. Second, the number of studies using either
cross-sectional or longitudinal designs is now sufficient to
consider estimates of cognitive impairment and cognitive
decline separately. Third, a broader sample of cognitive do-
mains is now available for inclusion inmeta-analyses. Finally,
samples in studies using longitudinal designs have been fol-
lowed for longer periods. As such, an updated meta-
analysis of this literature is needed to understand the relation
between Ab and cognitive impairment and decline in preclin-
ical AD. The aim of this study was therefore to systematically
review the literature on the nature and magnitude of Ab1-
related cognitive impairment and decline in older adults
who do not meet clinical criteria for MCI or dementia.

2. Methods

2.1. Study selection

2.1.1. Inclusion/exclusion criteria
Inclusion criteria for the meta-analyses were that (a) the

study must include a sample of adults with an average age
�60 years who did not meet clinical criteria for MCI or de-
mentia and who had undergone assessment with standard-
ized neuropsychological tests; (b) for each participant, Ab
levels were determined using PET or CSF sampling; and
(c) studies must have provided sufficient information to
allow for the computation of effect sizes.

Studies were excluded from the meta-analysis if they were
one of a series of publications from the same specific cohort
where, over time, sample sizes or the length of follow-up had
increased. For studies meeting this criterion, data for the
meta-analyses were taken from that study which was the
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