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Abstract
People with a first-degree family history of Alzheimer’s disease are at an increased risk of developing dementia. Subjective
memory impairment among individuals with no measurable cognitive deficits may also indicate elevated dementia risk. It remains
unclear whether nondemented people with a positive family history of Alzheimer’s disease are more likely to experience cognitive
deficits and whether such an association reflects underlying neuropathology. We therefore investigated subjective memory
impairment and hippocampal cortical thickness in 40 healthy older adults and 35 patients with amnestic mild cognitive impairment.
We found greater subjective memory impairment and left hemispheric hippocampal cortical thinning associated with a first-
degree family history of Alzheimer’s disease in healthy older adults. This suggests that subjective memory impairment could reflect
preclinical stage neurodegeneration among individuals with the family history risk factor.

Keywords
family history of Alzheimer’s disease, mild cognitive impairment, MCI, subjective memory impairment, hippocampal thickness

Introduction

Subjective memory impairment is a frequent phenomenon

among people presenting to memory clinics or other institu-

tions that provide diagnostic assessments for cognitive impair-

ment. For clinicians, it is important to evaluate these subjective

changes since they could indicate a risk of subsequent mild

cognitive impairment (MCI)1 and dementia.2 Studies highlight

how brain structure and function changes in people with sub-

jective memory impairment may already suggest early neuro-

degeneration.3,4 However, memory complaints could also

reflect individual differences in perceived changes of perfor-

mance during normal aging, and examining their predictive

value has produced variable findings.5-7

Kryscio and colleagues5 show that people with subjective

memory impairment that also carry the e4-allele of the apoli-

poprotein E, the most important genetic risk factor for sporadic

Alzheimer’s disease, have an even higher risk of future cogni-

tive decline. More surprisingly, not only this risk status but also

the knowledge of one’s own genetic risk is associated with

subjective memory impairment in otherwise cognitively

healthy people.8 Although there is ongoing debate about

whether disclosing genetic dementia risk information has neg-

ative psychological consequences,9 dementia worries, mood

changes, or a first-degree family history of Alzheimer’s disease

are far more obvious in a clinical setting than genetic variants.

These factors are frequently discussed during diagnostic

assessments, but in contrast to depressive symptoms,10 the

impact of family history risk on subjective memory perfor-

mance has been rarely studied. Whereas depression reflects a

possible clinical feature of prodromal dementia rather than

elevated dementia risk,11 a family history of Alzheimer’s dis-

ease is associated with an increased risk of developing the

disease,12 but also with worrying about dementia.13

The first-degree family history of Alzheimer’s disease can be

utilized as a composite risk factor in dementia research14 as it

reflects known and yet undiscovered genetic and nongenetic risks

associated with structural and functional brain changes.15-17
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We previously demonstrated reduced hippocampal cortical

thickness15 and reduced memory performance16 in healthy

people with the family history risk factor when compared

with healthy people at no familial risk for Alzheimer’s dis-

ease. Apolipoprotein E-e4 carrier status is also associated

with brain structure and neurocognitive changes15,18 as well

as with subjective memory impairment.8 However, an asso-

ciation between subjective memory impairment and family

history risk has not yet been investigated. In the continuum

from healthy cognitive aging to Alzheimer’s dementia, the

transitional MCI stage is of particular interest. Patients with

the amnestic MCI subtype have subjective and objective

memory impairment, but they are not demented.19 For clin-

icians, it is important to know among which individuals in

the predementia spectrum an association between a risk fac-

tor, brain structure, and subjective function would yield addi-

tional information. We therefore investigated healthy older

adults and patients with amnestic MCI and hypothesized that

a family history of Alzheimer’s disease would be associated

with subjective memory impairment and reduced hippocam-

pal cortical thickness in healthy older individuals. We did not

expect to find these associations among patients with MCI.

In contrast to cognitively healthy people carrying the family

history risk factor, the more extensive neurodegeneration

may prevent the detection of the unique family history risk

factor–associated brain morphology changes in patients with

MCI. Furthermore, the clinical syndrome of amnestic MCI

implies that all these patients have objective as well as sub-

jective memory deficits. It is unlikely that the additional

impact of a family history of Alzheimer’s disease on subjec-

tive memory impairment could be demonstrated in this

population because we expected it to be subtler than the

influence of the objective deficits.

Methods

Participants and Procedures

Seventy-five individuals were recruited through advertise-

ments and through our memory clinic (university hospital and

outpatient service). They were identified from a population of

180 participants varying in cognitive and affective health, par-

ticipating in research aimed at investigating brain structure

changes and behavioral characteristics associated with cogni-

tive impairment and early-stage neurodegeneration. We

obtained written informed consent, and our ethics committee

approved the study. Among the participants were 40 healthy

older adults with no measurable cognitive impairment (mean

age: 66.2 years + 7.5 years) and 35 patients with MCI (mean

age: 70.3 years + 6.5 years). Patients with MCI met standard

diagnostic criteria for the amnestic subtype,19 meaning that

these patients show an objective memory deficit, but no impair-

ment in any other cognitive domain. Amnestic MCI subtype

patients are not demented and do not report any difficulties in

daily routines. All study participants underwent clinical evalua-

tion and detailed neuropsychological testing prior to study

inclusion. The neuropsychological examination included sev-

eral tests to investigate the individual performance across var-

ious cognitive domains, such as language, attention/executive

function, visuospatial skills, or processing speed. The study

participants did not have any neuropsychiatric disease possibly

affecting cognitive performance other than MCI. Further exclu-

sion criteria were a school education of less than 8 years and

psychotropic medication. The family history risk factor repre-

sented at least 1 first-degree relative diagnosed with Alzhei-

mer’s disease. We utilized a 7-item Likert scale to measure the

subjective memory impairment (“Do you experience subjective

memory impairment?”, 1 ¼ severe to 7 ¼ none). Although

there are more comprehensive assessments for subjective cog-

nitive impairment in general, with respect to memory, Likert

scales have been used to investigate subjective changes.20 It

has been demonstrated that a greater number of items on a

Likert scale enhances the diagnostic accuracy.21 We also

obtained laboratory and magnetic resonance imaging (MRI)

data in order to rule out specific or systemic conditions, such

as thyroid dysfunction or vascular brain disease that would

explain cognitive impairment otherwise. In addition to our

memory clinic’s standard diagnostic protocol, we obtained a

high-resolution oblique coronal T2-weighted fast-spin echo

sequence in 69 right-handed participants on a GE Signa HDxt

3-Tesla MRI scanner (General Electric Health Care, Wauke-

sha, Wisconsin) to investigate hippocampal cortical thickness

(repetition time: 5200 milliseconds; echo time: 105 millise-

conds; slice thickness: 3 mm; spacing: 0 mm; 19 slices; inplane

voxel size: 0.39 � 0.39 mm; field of view: 200 mm). With a

semi-automated brain segmentation protocol and cortical

unfolding data analysis, we were able to restrict our analyses

to the region of interest without covering extrahippocampal

cortices. This technique aims at enhancing the visibility of the

convoluted hippocampal region by flattening its gray matter

into 2-dimensional space. After segmenting gray matter, white

matter, and cerebrospinal fluid using the high-resolution MRI

data and mrGray software,22 the MRI sequence is interpolated

to achieve nearly isotropic voxels of approximately 0.4 mm3.

Gray matter is then grown out in connected layers using a

region-expansion algorithm and flattened based on metric

multidimensional scaling. For each gray matter voxel in

2-dimensional space, the maximum distance value of the cor-

responding 3-dimensional voxels across all layers is taken and

multiplied by 2. Additional details on cortical unfolding are

reported elsewhere.23-26 According to the established protocols

and in line with our previous investigations utilizing the

method,15,16,27-30 we report raw data (eg, no intracranial volume

correction), which are appropriate when investigating cortical

thickness in contrast to volume.31 Excellent inter-rater and retest

reliability results have been demonstrated previously.26,27,32

Statistical Analyses

We investigated a possible association between family history

risk and subjective memory impairment using a univariate

mixed general linear model with subjective memory
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impairment as the dependent variable, group (healthy/MCI)

and family history (yes ¼ FHþ/no ¼ FH�) as between-

group factors, and age as a covariate. We also investigated the

interaction between group and family history on subjective

memory impairment. We only conducted post hoc univariate

tests to investigate the influence of family history risk on sub-

jective memory impairment, after we established significance

with the multivariate F test. We further examined the associa-

tion between family history risk and hippocampal cortical

thickness using another multivariate mixed general linear

model with left and right hippocampal cortical thickness as the

dependent variables, group (healthy/MCI) and family history

(FHþ/FH�) as between-group factors, and age as a covariate.

Due to sample size limitations, we did not additionally model

subjective memory impairment as a between-group factor

when investigating cortical thickness. However, we per-

formed exploratory participant subgroup pairwise cortical

thickness comparisons and correlation analyses. We investi-

gated the effect sizes of group differences using Cohen d.

Gender and family history distributions were compared with

w2 tests, and we used a significance level of P < .05 for all

statistical analyses.

Results

Patients with MCI and healthy individuals did not differ in

educational status, gender, and family history risk distribution

(Table 1). Among patients with MCI, 31% carried the family

history risk factor, whereas 25% of the healthy older adults

carried the family history risk factor. The patients with MCI

were significantly older than our healthy participants (P¼ .02);

therefore, we modeled age as a covariate in all analyses.

The mixed general linear model revealed a significant inter-

action between group (healthy/MCI) and family history risk

(F ¼ 4.6, P ¼ .035; Figure 1). Patients with MCI reported

greater subjective memory impairment than healthy older

adults. However, subgroup analyses showed that this effect

was due to people without family history risk (MCI FH�:

3,75 + 1.26, healthy FH�: 4,87 + 0.97, P < .001, d ¼ 1),

whereas, among the individuals with a family history of

Alzheimer’s disease, there was no such difference (MCI FHþ:

4,18 + 0.98, healthy FHþ: 4,1 + 0.99, P¼ .85). Healthy older

adults with the family history risk factor reported greater sub-

jective memory impairment than healthy older adults without

this risk (P¼ .019, d¼ 0.8). Patients with MCI did not differ in

subjective memory impairment when considering family his-

tory risk status (P ¼ .16).

Investigating hippocampal cortical thickness, the multivari-

ate mixed general linear model yielded a significant effect for

family history risk (F ¼ 3.96, P¼ .027; Figure 1). Only the left

hemisphere contributed to this finding (left hemisphere:

F ¼ 8.05, P ¼ .007, right hemisphere: F ¼ 1.37, P ¼ .25). The

left hemispheric cortical thickness reduction associated with

family history risk was detectable only among healthy partici-

pants (FHþ: 2,3 mm + 0.13 mm, FH�: 2,47 mm + 0.11 mm,

P ¼ .006, d ¼ 1.5), whereas patients with MCI did not

demonstrate this effect (FHþ: 2,4 mm + 0.08 mm, FH�:

2,43 mm + 0.15 mm, P ¼ .27). Additional exploratory anal-

yses showed a positive correlation (Pearson r ¼ 0.67, P ¼ .04)

between subjective memory impairment and left hemispheric

hippocampal cortical thinning only among patients with MCI

with the family history risk factor.

Discussion

In this study, we show that healthy older adults report greater

subjective memory impairment when they have a positive first-

degree family history of Alzheimer’s disease. These individu-

als also exhibit a thinner left hippocampus when compared to

Table 1. Demographic and Clinical Characteristics.

Characteristics and Measures CTL SD MCI SD
Significance
(P Value)a

N 40 35
Age (years) 66.2 +7.5 70.3 +6.5 .02
Female sex (%) 62.5 45.7 .15
Education (years) 14.1 +2.7 13.9 +2.5 .82
FH þ (%) 25.0 31.4 .54
MMSE (score range 0-30) 29.4 +0.8 28.2 +1.3 <.001
Subjective memory

impairment (score range:
7 ¼ none to 1 ¼ severe)

4.7 +1.0 3.9 +1.2 .003

Abbreviations: CTL, control participants, FH þ, first-degree family history of
Alzheimer’s disease, MCI, mild cognitive impairment, MMSE, Mini-Mental State
Examination, SD, standard deviation.
aw2 tests for gender and family history risk distribution.

Figure 1. Subjective memory impairment and cortical thickness.
Patients with amnestic mild cognitive impairment (MCI) report
greater subjective memory impairment (B) than cognitively healthy
older adults (Healthy), but this effect is only detectable among indi-
viduals without a first-degree family history of Alzheimer’s disease
(FH�). Healthy older adults with the family history risk factor (FHþ)
show greater subjective memory impairment (B) and a thinner left
hippocampus (A) when compared with healthy older adults without
this risk factor.
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people without family history risk. Among patients with MCI,

there was neither a robust association between the family his-

tory of Alzheimer’s disease with subjective memory impair-

ment nor with hippocampal cortical thickness.

The few existing data on how a first-degree family history of

Alzheimer’s disease may influence subjective memory perfor-

mance are heterogeneous.33,34 Tsai and colleagues33 show that

first-degree relatives of patients with Alzheimer’s disease

report subjective memory impairment more frequently than the

spouses of these patients. The authors conclude that this may

either reflect the disease’s heritability and early-stage neurode-

generation,33 or it could be a sign of depression, which is

associated with preclinical dementia itself.11 In contrast, Heun

and colleagues34 report no difference in the prevalence of sub-

jective memory impairment among individuals with and with-

out the family history risk factor. They did not find support for

the hypothesis that psychosocial factors such as an increased

awareness due to affected family members would influence

memory complaints.34 However, relatively large participant

samples33,34 also limit how objective cognition could be mea-

sured among individuals with the family history risk factor.

Using a telephone-administered screening test33 or a struc-

tured interview34 to investigate cognition could make it more

difficult to distinguish cognitively healthy older adults from

patients with MCI. Therefore, prior to study inclusion, our

participants received a detailed neuropsychological assess-

ment of various cognitive domains including memory, visuos-

patial skills, attention/executive function, processing speed,

and language.

Vannini and colleagues highlight the importance of neuro-

pathology for self-reported memory impairment.35 We there-

fore additionally investigated hippocampal cortical thickness,

and the results are in line with our previous results.15 A family

history of Alzheimer’s disease was associated with left hemi-

spheric hippocampal cortical thickness reduction in healthy

older adults, but not in patients with MCI. This is congruent

with the assumption that, with greater neurodegeneration, the

unique impact of the family history risk factor on brain struc-

ture is no longer detectable. Although direct pairwise cortical

thickness comparisons between the participant subgroups did

not reveal significant results, we found a positive correlation

between subjective memory impairment and left hemispheric

hippocampal cortical thinning among patients with MCI with

the family history risk factor. Hippocampal atrophy is one of

the best parameters indicating imminent conversion to Alzhei-

mer’s disease among patients with MCI36; however, larger

participant samples should be utilized to investigate how fam-

ily history risk and subjective memory impairment interact in

determining cortical thickness and to reveal the trajectories of

cognitive decline in the presence of specific risk factor patterns.

It is a limitation that the genetic contributions to the family

history of Alzheimer’s disease could vary between patients

with MCI and healthy older adults. Future longitudinal inves-

tigations may contribute to reveal the predictive value of family

history risk-associated brain structure and function changes. In

contrast to single genetic variants,8 it is difficult to investigate

whether the family history risk factor itself or the psychological

distress due to the knowledge of being at increased risk con-

tributes to the subjective memory impairment. Although our

study participants did not have anxiety or depression, we did

not utilize psychometric scales to measure possible subthres-

hold symptoms. Specifically, with respect to depression or sub-

clinical mood changes, future research is needed to better

understand the mechanisms associated with the relationship

between familial risk and declines in brain health. Although

our examination of the subjective impairment is less suscepti-

ble to the effects of hyper- or anosognosia of memory

decline35,37 when compared with a dichotomous assessment,21

multi-item scales would allow further differentiation of subjec-

tive cognitive deficits beyond memory.

Despite these limitations, our behavioral and brain imaging

data suggest that subjective memory impairment in healthy

older adults with a first-degree family history of Alzheimer’s

disease should be acknowledged in clinical evaluations of cog-

nitive performance. Clinicians should recommend detailed

neuropsychological testing and regular follow-up assessments

for these individuals at risk for future cognitive decline.
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