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Objective: To test that a positive family history and
ApoE e4 genotype are prevalent among dementia
patients with onset before 70 years of age compared
with healthy spousal controls. Methods: A total of
210 patients with dementia and 82 spousal control par-
ticipants. Neuropsychiatric examination, Consortium
to establish a registry on Alzheimer’s disease test bat-
tery, Clock-drawing Test, and ApoE genotyping were
performed in patients and controls. Results: Of the
131 patients with Alzheimer dementia, 25 were homozy-
gous for Apo e4. Among dementia patients with a

positive family history (n ¼ 83), homozygosity for the Apo
e4 genotype was found in 19 (22.9%). A positive family his-
tory was highest among Apo e4 homozygous Alzheimer
dementia patients (72.0%) and lowest among the cogni-
tively normal spousal controls (9.3%). Conclusions: In our
sample of patients with Alzheimer dementia, approxi-
mately 3 of 4 (72.0%) were homozygous for the genotype
Apo e4 when they had a positive family history.
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Introduction

Apo e4 and familial aggregation of dementia are
major risk factors for dementia.1-6 A dose-related
effect of the Apo e4 allele has been suggested for
Alzheimer’s disease (AD).7,8

No general agreement exists regarding what con-
stitutes early-onset versus late-onset AD. Various
investigators have used 60, 65, or 70 years as an arbi-
trary age limit. Most would agree that onset before
age 60 is early and onset after age 70 is late.9 Others
emphasize that the late-onset form of AD is assumed
to be multifactorial, whereas the early-onset form
appears to be closely linked to genetic causes.10 We
chose the age of onset dementia before age 70 because
it is known that only a few percentage of patients
develop dementia before age 70. This makes a high

genetic component more likely. A very late age of
onset would make a multifactorial cause of the
dementia more probable.

Concerning the impact of a positive family his-
tory on the risk of developing dementia before age
70, 1 study examined the family history of 198 AD
patients with age of onset before 70 and 198 con-
trols. A positive family history was found in 48% of
cases and in 10% of controls. ApoE genotyping was
not done in this study.11

It has not been studied so far what percentage of
patients with onset of dementia before age 70 carry
the Apo e4 genotype. We tested the hypothesis that
a positive family history and Apo e4 are more prevalent
among dementia patients with onset before 70 years of
age compared with healthy spousal controls.

Methods

The study was approved by the ethics committee of
the Regensburg University medical school. Family
history data of 210 clinically diagnosed dementia
patients with age of onset �70 and cognitively nor-
mal spousal control participants were collected
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(Tables 1 and 2). Physical and neuropsychiatric
examination followed. The neuropsychological
assessment comprised the Consortium to establish
a registry on Alzheimer disease (CERAD) test battery
and the Clock-drawing Test. Mild cognitive impair-
ment (MCI) was defined as probands with z scores
below �1.5 in 1 or more CERAD subtests, despite
normal Mini-Mental State Examination (MMSE)
scores.12 Alzheimer disease was defined by using the
International Classification of Diseases, Tenth Edition
(ICD-10), the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV), and the
criteria of the National Institute of Neurologic and
Communicative Disorders and Stroke—Alzheimer’s
Disease and Related Disorders Association
(NINCDS-ADRDA). Vascular dementia (VD) was
ascertained by using ICD-10, DSM-IV, the criteria
of the National Institute of Neurological Disorders
and Stroke—Association Internationale pour la
Recherche et l’Enseignement en Neurosciences
(NINDS-AIREN), and the criteria of Alzheimer’s
Disease Diagnostic and Treatment Centers
(ADDTC). The scales of Hachinski and Rosen
helped to distinguish between AD and VD. The diag-
nosis of mixed dementia was based on a consensus of
these criteria. The Lund-Manchester and MC Keith
criteria as well as the Frontal Behavioural Inventory

(FBI) were used to diagnose frontotemporal demen-
tia (FTD). Lewy body dementia (LBD) was defined
by using the McKeith criteria.

ApoE genotyping was performed with the Light-
Cycler real-time polymerase chain reaction (PCR)
technology on genomic DNA isolated from whole
EDTA-blood and a commercially available kit (Light-
Cycler ApoE Mutation Detection Kit from Roche
Diagnostics GmbH, Mannheim, Germany) allowing
the analysis of the amino acid positions 112 and
158 in the ApoE protein.

Creatinine, electrolytes, aspartate aminotransfer-
ase (AST)/alanine aminotransferase (ALT), g-glutamyl
transpeptidase (gGT)l, lipid profile, complete blood
count, thyroid hormones, folate, vitamin B12, homo-
cystein and HbA1c were also ascertained.

Results

Among the 210 dementia cases, 131 had AD and 15
had a mixed dementia (AD and VD). A majority of
128 of the dementia patients were widowed,
divorced, or single. The control group consisted of
82 spouses with MMSE score � 27. Consortium to
establish a registry on Alzheimer disease examination
showed 13 control participants to be affected by MCI

Table 2. Characteristics of Control Participantsa

E2/E2 E2/E3 E3/E3 E2/E4 E3/E4 E4/E4 Total

Number of control participants 0 12 33 1 8 0 54
Family history, number of patients

Positive 0 1 4 0 0 0 5
Negative 0 11 29 1 8 0 49

a Further details are available on request from the corresponding author.

Table 1. Characteristics of Patients With Dementiaa

E2/E2 E2/E3 E3/E3 E2/E4 E3/E4 E4/E4 Total

Number of patients 1 14 75 25 66 29 210
Diagnosis

Alzheimer’s disease (AD) 1 7 33 19 46 25 131
Vascular dementia (VD) 0 1 10 0 8 0 19
Frontotemporal dementia (FTD) 0 6 15 1 6 0 28
Lewy body dementia (DLB) 0 0 3 0 3 0 6
Mixed dementia (AD and VD) 0 0 4 4 3 4 15
Multisystem atrophy 0 0 1 1 0 0 2
Parkinson disease dementia 0 0 8 0 0 0 8
Olivopontocerebellar atrophy 0 0 1 0 0 0 1

Family history, number of patients
Positive 1 3 20 13 27 19 83
Negative 0 11 55 12 39 10 127

a Further details are available on request from the corresponding author.
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defined as above. Fifteen control participants with
MMSE scores� 27 refused to complete CERAD test-
ing. These control probands were excluded from our
analysis. Hence, the small number of 54 control
participants.

Apo e4 homozygous dementia patients suffered
from AD (n ¼ 25) or mixed dementia (n¼4). Mean
age at onset among Apo e4 heterozygotes was 64.8
+ 5.2 years. It was 63.5 + 6.4 years for Apo e4
homozygotes. Mean age at onset in all patients with
dementia was 62.6 + 7.5 years. The mean age at
testing of the cognitively intact spousal controls was
65.6 + 8.5 years. Average age at examination of the
210 patients with dementia was 67.3 + 7.7 years.

A positive family history was defined as at least
one first- or second-degree relative affected by demen-
tia. A positive family history of dementia was present
in 43.2% for Apo e4 heterozyous dementia patients
(AD and other dementia patients combined) and in
65.5% for Apo e4 homozygous dementia patients
(AD and other dementia patients combined).

The overall proportion of probands with AD (n ¼
131) and a positive family history was 44.3% (n¼ 58).
It was lowest among AD participants without Apo e4
(30.9%) and increased for Apo e4 heterozygotes
(45.1%). A positive family history was highest among
Apo e4 homozygotes (72.0%). Only 9.3% (n ¼ 5) of
the controls (n ¼ 54) reported a relative suffering
from dementia.

Discussion

The primary aim of our study was to explore the rela-
tionship between Apo e4 and familial history among
dementia patients with onset until 70 years of age.
Contrarily to other studies, spousal controls were
screened by the CERAD test battery. The MMSE is
insufficient to diagnose early cognitive difficulties.
Earlier studies might not have detected probands with
MCI among their normal controls examined only by
the MMSE. Our rigorous definition of cognitively
normal controls and exclusion of spousal controls
with MCI might explain the low percentage of positive
family history among cognitively intact controls.
Additionally, the low prevalence of a positive family
in controls may be partly attributed to recall bias.

The risk of dementia increases significantly by the
number of Apo e4 alleles.7,8 Patients with dementia
were twice as often heterozygous for the Apo e4 gen-
otype compared with controls. Thus, our results agree
with those of Rippon et al (2006), who obtained a
nearly 2-fold increased risk (1.7) of AD for Apo e4

heterozygotes. The risk for Apo e4 homozygotes
was 2.3.13

Our data strengthen the hypothesis that Apo e4
exerts its maximal effect before age 70 years.14 In our
study, probands homozygous for Apo e4 also had a
lower age at onset (63.5 + 6.4 years) than individu-
als heterozygous for Apo e4 allele (64.8 + 5.2 years).
The proportion of dementia patients with a family
history of dementia rose according to the number
of Apo e4 alleles. Regardless of the dementia type,
family history of dementia was present in 29.9% of
dementia patients without Apo e4 and increased to
43.2% and 65.5% for Apo e4 heterozygotes and
homozygotes, respectively. In patients with AD, the
association between Apo e4 and family history was
even more intriguing. The proportion of AD partici-
pants without Apo e4 and a positive family history
was 30.9%, whereas for Apo e4 homozygotes it rose
to 72.0%. In cognitively intact spousal controls, a
positive family was documented in 9.3%. None of the
control group was homozygous for Apo e4. Thirteen
of the spousal controls had to be excluded because
of CERAD test results consistent with the diagnosis
of MCI. Two of these MCI probands with a normal
MMSE score � 27 were homozygous for Apo e4.
Clinically these 13 probands had not complained
about cognitive impairment. The categorization as
MCI was solely based on the cutoff z � �1.5. This
again is an arbitrarily chosen cutoff. Nevertheless,
using the CERAD and a z score defines MCI more
accurately than the MMSE.

Our results will need to be repeated in a larger
sample using the same rigorous definition of cogni-
tively intact spousal control probands. The MMSE
alone was found to be insufficient to define a normal
control sample.

In our sample of patients with AD, approximately
3 of 4 (72.0%) were homozygous for the genotype
Apo e4 when they had a positive family history. Our
results highlight the contribution of Apo e4 to famil-
ial aggregation among younger persons with AD.

References

1. Myers RH, Schaefer EJ, Wilson PW, et al. Apolipoprotein

E epsilon 4 associated with dementia in a population-

based study: The Framingham study. Neurology.

1996;46:673-677.

2. Rippon GA, Tang MX, Lee JH, Lantigua R, Medrano M,

Mayeux R. Familial Alzheimer disease in Latinos: interac-

tion between APOE, stroke and estrogen replacement.

Neurology. 2006;66:35-40.

ApoE Genotype and Family History in Patients With Dementia / Zintl et al 351



3. Olarte L, Schupf N, Lee JH, et al. Apolipoprotein E epsi-

lon4 and age at onset of sporadic and familial Alzheimer

disease in Caribbean Hispanics. Arch Neurology.

2006;63:1586-1590.

4. Mayeux R, Stern Y, Ottman R, et al. The apolipoprotein

epsilon 4 allele in patient’s with Alzheimer’s disease. Ann

Neurol. 1993;34:752-754.

5. Huang W, Qiu C, von Strauss E, Winblad B,

Fratiglione L. APOE genotype, family history of dementia,

and Alzheimer disease risk: a 6-year follow-up study. Arch

Neurol. 2004;61:1930-1934.

6. Lautenschlager NT, Cupples LA, Rao VS, et al. Risk of

dementia among relatives of Alzheimer’s disease patients

in the MIRAGE study: what is in store for the oldest old?

Neurology. 1996;46:641-650.

7. Yoshizawa T, Yamakawa-Kobayashi K, Komatsuzake Y,

et al. Dose-dependent association of apolipoprotein E

allele epsilon 4 with late onset, sporadic Alzheimer’s dis-

ease. Ann Neurol. 1994;36:656-659.

8. Martins CA, Oulhaj A, de Jager CA, Williams JH. APOE

alleles predict the rate of cognitive decline in Alzheimer dis-

ease: a nonlinear model. Neurology. 2005;65:1888-1893.

9. Bird TD. Clinical genetics of familial alzheimer disease.

In: Terry RD, Katzmann R, Bick KL, Sisodia SS, eds.

Alzheimer Disease. Philadelphia, Baltimore, New York,

London, Buenos Aires, Hong Kong, Sydney, Tokyo:

Lippincott Williams & Wilkins;1999:S57-S66.

10. Bird TD. Genetic aspects of Alzheimer disease. Genet

Med. 2008;10:231-239.

11. Hofman A, Schulte W, Tanja TA, et al. History of demen-

tia and Parkinson’s disease in 1st-degree relatives of

patients with Alzheimer’s disease. Neurology. 1989;39:

1589-1592.

12. Bokde AL, Lopez-Bayo P, Meindl T, et al. Functional

connectivity of the fusiform gyrus during a face-

matching task in subjects with mild cognitive impair-

ment. Brain. 2006;129:1113-1124.

13. Rippon GA, Tang MX, Lee JH, Lantigua R, Medrano M,

Mayeux R. Familial Alzheimer disease in Latinos: inter-

action between APOE, stroke and estrogen replacement.

Neurology. 2006;66:35-40.

14. Blacker D, Haines JL, Rodes L, et al. ApoE-4 and age at

onset of Alzheimer’s disease: the NIMH genetics initia-

tive. Neurology. 1997;48:139-147.

For reprints and permissions queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav

352 American Journal of Alzheimer’s Disease & Other Dementias1 / Vol. 24, No. 4, August/September 2009



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


