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The Clinical Phenotype of an Extended Pedigree with Late-onset Alzheimer's Disease
Under the direction of SH~EY E. PODUSLO, Ph.D

Alzheimer's disease (AD) is a devastating neurodegenerative disease with a multifaceted
etiology. This retrospective explor·atory study used the family history method to develop a
phenotype based on the personal history of cognitive decline, changes in behavioral
characteristics, and the medical, social and environmental history of the five AD affected
family members in one large extended family. Group family interviews provided a
description of the phenotype and identified medical and environmental risk modifiers.
Average age-of-onset for AD in 5 of 12 siblings, (all homozygous APOE4/4) was 69.2
years (range 66-72 years). Fisher's exact test identified neuropsychiatric behaviors as
common phenotypic manifestations; delusions (p = 0.0455), hallucinations (p = 0.0101),
irritability (p = 0.0455), personality change ·(p = 0.0013), pacing (p = 0.0013),
aggressiveness (p = 0.0455), and poor judgment (p = 0.0013). Environmental variables that
emerged as significant were a less than an eighth grade education (p = 0.0152), presence of
stroke/TIA (p = 0.0455), presence of osteoarthritis (p = 0.0455), and vitamin B12
deficiency (p = 0.0013). Risk of stroke/TIA may be related to the increased risk from
· APOE4 while vitamin B 12 deficiency may be associated with advanced age. There was no
significant protective benefit from the management of hypertension (p = 0.5758), use of
statins to control cholesterol (p = 0.9545), use of Vitamin C (p = 1.000), and/or Vitamin E

(p

=

0.9899) among family members. Potential modifiable health practices among the AD

unaffected siblings demonstrated that 85% continued to engage in a sedentary lifestyle

(p = 0.6818), 57% were overweight (p = 0.6894), 57% (p = 0.6894) consumed an unhealthy
diet, and 56% smoked (p

=

0.1591). Single nucleotide polymorphism (SNP) microarray
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analysis indicated that several SNPs in the gene, transient receptor potential cation channel,
subfamily C, member 4 associated protein, (TRPC4AP), were significant. All five of the
affected siblings and three unaffected siblings exhibited one haplotype; the unaffected
siblings with the same haplotype as affected siblings were younger in age and did not have
any cognitive problems at the time of the study (Poduslo, Huang, Huang, Smith, 2008).

INDEX WORDS: Alzheimer's disease, Family History, Genotype, Phenotype, Cognitive
behaviors, Neuropsychiatric behaviors, Environmental risks, APOE, SNP, TRPC4AP

Clinical Phenot)'pe Of Alzheimer's Disease

©
Eleanor M. Fennell
All Rights Reserved

Clinical Phenotype of Alzheimer's Disease
DEDICATION

IN LOVING MEMORY OF
My husband
James Colon Fennell
Your eternal love sustains me
I love you with all my heart

IN HONOR OF
Family28
Your contributions made this dissertation possible

111

Clinical Phenotype of Alzheimer's Disease
ACKNOWLEDGEMENTS
I would like to acknowledge the contributions of those individuals who had key
roles in making the completion of this dissertation possible. Without the guidance of my
mentor, Dr. Shirley E. Poduslo, the culmination of this research study never could have
been realized. She bolstered me, worried about me, and pressed me to finish. Most of all,
she was always there when I needed her to give .me that little word of encouragement that
brought renewed strength and self-confidence. My gratitude to her is immeasurable.
I am thankful to all the members of my advisory committee, Dr. E. Gerald
Bennett, Dr. Lynnette McCluskey, Dr. Shirley E. Poduslo, Dr. Debra L. Schutte, Dr.
Suzanne Smith, and Dr. Hongyan Xu, for their wisdom, guidance and support throughout
the course of this dissertation.
Most importantly, I am eternally indebted to Family 28. Family members gave
freely of their time and of themselves. Their willingness to participate and contribute to
this research is truly appreciated for without their participation, this dissertation would
not have been possible. I dedicate this work to them in hope that someday they may
benefit from a cure'for Alzheimer's disease.
I would like to extend my thanks to the Dean, School of Nursing, Dr. LucyN.
Marion, for her support throughout this process and to the Dean, School of Graduate
Studies, Dr. Gretchen B. Caughman, for allowing me to integrate within the School of
Graduate Studies.
My deepest gratitude is given to those who sustained me emotionally throughout
the research. My sisters, Linda L. Mullen, NormaL. Keeney, Rebecca D. Mullen, and
Clara J. McColligan were a great source of encouragement and support and served as

IV

Clinical Phenotype of Alzheimer's Disease
cheerleaders and task masters to encourage me toward the completion of this dissertation.
I am also thankful to Patricia D. Mitchell, my stepdaughter, who provided me with a
sense of strength throughout my grief after the loss of my beloved husband. My family's
love and support, especially the love of my children and grandchildren, meant so very
much to me and kept me going forward. It is impossible to name all of my family
supporters in this acknowledgment, but I am indebted to you all.
I would like to thank the many colleagues and friends for your friendship and
encouragement, particularly when I expressed frustration and was ready to give up.
Thank you for helping me to refocus and for making my life pleasant.
I would like to thank God for His eternal presence. He is the source of all my
talents, including an inquiring mind and my love of learning. My desire to know His will
and to please Him has been my greatest inspiration.
First and foremost, I dedicate this research to the memory of my beloved husband,
Jim Fennell. His selfless love and support throughout more than twenty-five years of
marriage made every day, a day filled with love and joy. It would have been impossible
to fulfill my dreams without his absolute belief in me and his love for me. With all my
heart I will always love you. I miss you but I am sustained daily by your love. I know we
will meet again.

v

Clinical Phenotype of Alzheimer's Disease
LIST OF FIGURES
B~re

P~

1

Conceptual model of factors influencing Alzheimer's disease phenotype ............ 11

2

Family 28 Kindred Pedigree .................................................................................. 47

Vl

Clinical Phenotype of Alzheimer's Disease
LIST OF TABLES
Table

Page

1

Alzheimer's Disease Types and Genes Associated with the Disease ...................... 5

2

Questionnaires Evaluated to Develop Personal History Questionnaire (PHQ) ..... 51

3

Education Data ............................................................................. 52

4

Sample Memory/Language Inventory Questions from the PHQ ........................... 53

5

Behavioral Characteristics Explored in the PHQ ................................................... 56

6

Timeframe of Exploring the Occurrence of an Event ............................................ 57

7

Prescription History from the Personal History Questionnaire (PHQ) .................. 58

8

Environmental Variables Identified ....................................................................... 75

9

Frequencies, Percentages and Significance of Environmental Variables .............. 77

10

Memory Inventory Variables Assessed ................................................................. 83

11

Neuropsychiatric Characteristics Identified in Alzheimer Affected Siblings ........ 88

12

Fisher's Exact Statistical Analysis of Neuropsychiatric Characteristics ............... 89

13

Pearson Correlation of Environmental Variables .................................................. 92

14

Neuropsychiatric Variables and Significance ........................................................ 95

15

Estimates and Probabilities of Limited Environmental Variables ..... :................... 96

Vll

Clinical Phenotype of Alzheimer's Disease
TABLE OF CONTENTS
Page

ACKNOLWLEDGMENTS .......................................................................... iv
LIST OF FIGURES .................................................................................... vi
LIST OF TABLES ................... ·................................................................ vii
CHAPTER I INTRODUCTION .......................................................................................... 1
Statement of the Problem ......................................................................................... 2
Genetic Risk Factors .................................................................................... 3
Clinical Phenotype ....................................................................................... 3
Alzheimer's Disease DNA Bank ................................................................. ?
Purpose ........................................................ ~ ............................................................ ?
Theoretical Framework ............................................................................................ 8
Mendelian Inheritance ................................................................................. 8
Principle of Multifactorial Inheritance ......................................................... 9
Definition of terms ........................................ ~ .......................................................... 9
Conceptual Model ofFactors Influencing AD Phenotype ................ ~ .................... 10
Hypotheses ............................................................................................................. 11
Hypothesis 1................................................................................................ 11
Hypothesis 2 ............. ~·················································································12
Significance to Nursing ....................................... ;.................................................. 12
Summary ................................................................................................................ 13
CHAPTER II REVIEW OF THE LITERATURE ............................................................ .14
Pathology and Diagnosis ........................................................................................ 14

viii

Clinical Phenotype of Alzheimer's Disease
Multiple Family Kindred Studies .......................................................................... 17
Genetic Factors ...................................................................................................... 22
Microarray technology ............................................................................... 23
Apolipoprotein E (APOE) .......................................................................... 24
Apoiipoprotein C 1 (APOCI) ...................................................................... 25
Transient receptor potential cation channel, subfamily C, member 4 associated
protein (TRPC4AP) ........................................................................................................... 26
Summary .............................................................................. 2_8
Environmental Factors .......................................................................... 28
Physiological Factors ............................................................................................. 29
Age ............................................................................................................. 29
Cholesterol ............................................................................... 30
Hypertension .............................................................................................. 30
Stroke ......................................................................................................... 32
Physical Factors ..................................................................................................... 33
Physical and Mental Activity .................................................................... .33
Lifestyle-Exercise .... :................................................................................. 34
Dietary Factors ........................................................................................... 35
Smoking ............................................................................................·.......... 36
Head Trauma................................................................... ~ .......................... 37
Alcohol Consumption ................................................................ 37
Education and Early Life Experience ....................................................... .38
Behavioral and Cognitive Factors ......................................................................... .39

IX

Clinical Phenotype of Alzheimer's Disease
Depression.................................................................................................. 39
Cognitive Decline ...................................................................................... 40
Summary .................................................................................................... 41
Conclusion ............................................................................................................. 41
CHAPTER III METHODS ................................................................................................ 42
Design .................................................................................................................... 43
Identification of Family 28 Kindred .................................................................... .45
Description of Family 28 Kindred ................... ~ ..................................... .4 7
Structured Interview Questionnaire Development ............................................... .48
Demographic Data.:............................................................... 52
Memory/Language Inventory .................................................... 52
Neuropsychiatric Inventory....................................................... 55
Medical Health History ............................................................ 56
Mental Health History ............................................................. 59
Lifestyle Factors .................................................................... 59
Procedure ............................................... ;............................................................... 60
Interviews .......................................................................... 60
Setting ........................................................................................................ 64
Medical Record Review .......................... ,', .............................. 65
Identification of Variables. . . . ........ .

. .......................................... 67

Statistical Analysis .......................................................................... 69
Genetic Analysis ............................................................................. 71
summary ............................-.................................................. ~ ................................. 12

X

Clinical Phenotype of Alzheimer's Disease
CHAPTER IV RESULTS .................................................................................................. 74
Environmental Variables ........................................................................................ 74
Education ..................................................................... ~ ............................. 78
Osteoarthritis ........................................................................................... 78
Cardiovascular Risk Factors ................................................................... 78
Cholesterol ............................................................................................... 79
Blood Pressure ........................................................................................ 79
Neurological History of Stroke, Mini-stroke, TIA ................................. 79
Epilepsy, Migraines, Other Neurological ............................................... 80
Medical History .~ .................................................................................... 80
Depression Psychiatric Illness ................................................................ 80
Prescription Medication Analgesics, Diabetes ....................................... 80
Vitamin B12 ............................................................................................ 81
Thyroid Deficiency ............................................. ~ ................................... 81
Vitamin C Supplement ............................................................................ 81
Vitamin E Supplement ............................................................................ 81
Tobacco Usage ........................................................................................ 81
Alcohol Usage ...................... .- .................................................................. 82
Physical Activity ..................................................................................... 82
Weight ..................................................................................................... 82
Diet .................................... ~ ..................................................................... 82
Memory Inventrry variables ................................................................................. 83
Age of onset ........................................... ~ ................................................ 83

Xl

Clinical Phenotype of Alzheimer's Disease
Orie tation ............................................................................................. .85
Attltion/Calculation ..............................................................................85
Regiftration/Understanding ............. :· ..................................................... 85

Language/N"aming/Talking .................................................... _................. 85
I

-

-

Language/Reading ............................................................................. ..... 86

Lan~age/Writing
................... ,............................................................... 86
I
-

Parkinsonism ........................................................................................... 86
Self-bare .................................................................................................. 86
N europsychiaLc Phenotype Characteristics ......................................................... 87
Pearson Correlation Coefficients of Environmental Variables ..............................90
Logistic Regrlssion ................................................................................................93
Transient Reclptor Potential Cation Channell, Subfamily C, Member 4
Associated Jtein (TRPC4AP) .............................................................................96
Conclusion .... 1........................................................................................................97
I

CHAPTER V DISCUSSION ............................................................................................. 99
Age-of-onset

.L....................................................................................................

101

jL ........;...........................................................................................102

Education ......
Risk Modifier

l. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

104

Smokil g .................................................................................................. 106
Strok~IA

............................................................................................... 107

Vitamif B12 ............................................................................................. 108
Osteottis ..................................................................... 109

Neuropsychiatric Manifestations ......................................................................... 109

xii

Clinical Phenotype of Alzheimer's Disease

Transient Recitor Potential Cation Channel, Subfamily C, Member 4 .
Associated Protein (TRPC4AP) ........................................................................... 111
I

•

.

..

I

Adequacy of Protection against Risks ................................................................. 112
I,

Limitations o~ the Study....................................................................................... 113
Strengths oftlie Study .................................................................... 116

I

Implications r6r Nursing in the Future ................................................................. 116
I

Conclusion ....:........................................................................................................ 117
REFERENCES ..... ····l· ......................................................·................................................ 119
I

APPENDIX A. DEFINITIONS ASSOCIATED WITH GENETICS .......................... 150
i

APPENDIX B. OPERATIONAL DEFINITIONS FOR DATA CODES ....................... 150

APPENDIX C. PE~rNAL HISTORIES OF AFFECTED FAMILY MEMBERS ...... 163
Personal Htsto:ry: Proban.d ................................................................................... 163

Personal

Histo~:

U ···········:··················································································172

i

Personal Histofy: W ............................................................................................. 180

Personal

Histo~: X .............................................................................................. 187
.

I

.

Personal Htstory: Y .............................................................................................. 194
I
!

Xlll

Clinical Phenotype of Alzheimer's Disease

1

CHAPTER I
INTRODUCTION
Alzheimer's d sease (AD) is a devastating neurodegenerative illness characterized
by loss of memory, 4ctional disability, behavioral disturbance, immobility, and
significant co-morbi,ies. Once thought to be a natural part of aging, Alzheimer's
disease accounts for 6~-70% of cases of progressive cognitive impairment in elderly

individuals and about two-thirds of all dementia cases (Nussbaum & Ellis, 2003). The
older population in

thl United States, age 65 and older, is expected to increase to an

estimated 13.2 millio1 people by the year 2050 (Hebert, Paul, Bienias, Bennett, & Evans,
2003). The prevalenc~ of AD dementia is expected to triple over the next 50 years

(Alzheimer's Association, 2005; Brookmeyer, Gray, & Kawas, 1998). AD has no cure,
only a few approved Jleatments and is expected to become a major public health problem.

I

AD is the thir most costly disease in the United States, behind heart disease and

cancer, with an estimalted annual cost of $100 billion (Kirschstein, 2002). The enormous
costs associated with
-

edical and nursing home care for AD have been well-documented
I

(Eppig & Pisal, 1997; Ernst, Hay, Penn, Tinklenberg, & Yesavage, 1997; Fox, Kohatsu,
I
· Fox, Max, Webber, Lindeman
·
Max, & Arnsberger,
2001;
Koppe,1 2002; Rice,
& Hauck,

1993; White-Means

&I Chollet, 1996; Relatives and family members who deliver up to

60% ofAD care, exhaLt life savings to provide and pay for the care. In 2002, AD cost
American businesses lone more than $61 billion; the equivalent of the net profits of the
top ten Fortune 500

co~panies (Koppel, 2002). The expense to businesses for caregiving

in~luding.lost ~roduclity from. a~senteeism of empl~yees who c~ ~or family members

with AD IS estimated at $36.5 btlhon annually (Alzheimer's Association, 2005).
I

I
I

.

-
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Statement of the Problem
i

AD has a mul,faceted etiology comprised of a complex cascade of genetic and
non-genetic factors th~t interact to trigger the changes in the brain that may l~ad to AD
(Knopman, DeKosky,: Cummings, Chui, Corey-Bloom & Relkin, 2001). Numerous gen~s
distributed across the :P.uman genome may potentially be involved in the pathogenesis of
.

'

AD (Bertram, McQueen, Mullin, Blacker, & Tanzi, 2006). Researchers are engaging in
I

genetic studies to identify the genes involved. At the same time, epidemiologic studies
and comparative phen?typic studies have identified significant differences in clinical
variables associated w~th the AD phenotype. The main phenotype differences appear to
I

be genotype dependent, and may result from interactions of genes with non-genetic
li

factors to increase the fisk of AD (Kalmijn, Feskins, Launer, & Kromhout, 1997;
I

I

Katzman & Kawas, 1994; Orogozo, Dartiques, Lafont, Letenneur, Commenges, et al.,
l
!

I

1997).

I
i

i

There is no uniform clinical or pathological feature other than positive family
I

I

history that distinguishes cases offamilial AD. Family history and molecular genetic
I

studies have led to the jdentification of several different genes associated with increased
!

risk for late-onset AD. [Each genetic variation may produce a different clinical phenotype,
I

but the causes of the heterogeneous manifestations of AD are unknown (Bennett, Wilson,
I
I

Schneider, Evans,

,

Agg~al, Arnold, et al., 2003; Holmes, 2002; Tierney, Szalai, Snow,

& Fisher, 1996). Identibcation of the phenotype across a large family pedigree and
i

correlation with their g~netic variations may make it possible to identify a cause of the

I

disease, interpret the clinical manifestations, modify the onset, and develop new

I

.

therapeutic strategies to delay the onset of the disease in fa1nilies.
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Genetic Risk.Factors;
Currently, known AD susceptibility genes account for only a small percentage of
genetic factors associated with AD. The apolipoprotein (APOE) gene is the most
prevalent of the currently known genetic risk factors with mutations in the /3-amyloid
precursor protein (APP) gene (Goate, Chartier-Harlin, Mullan, Brown, Crawford, Fidani,
et al., 1991). Presenilin 1 (PS1) gene (Sherrington, Rogaev, Liang, Rogaeva, Levesque,
Ikeda, et al., 1995), and the presenilin 2 (PS2) gene (Rogaev, Sherrington, Rogaeva,
Levesque, Ikeda, Liang, et al., 1995) are generally associated with early-onset AD. These
, three genes have almost complete penetrance (greater than 85%) and a clear-cut
autosomal dominant pattern of inheritance. Positive family history and age-of-onset are
the only uniform clinical or pathological features that distinguish these cases of AD.
Conventional linkage/recombination mapping (similar to those used to identify
APP, PS1, and PS2 genes) and allele association studies (used to identify the APOE gene)
have resulted in identification of additional AD genes. Studies using case-control design
comparing frequencies of alleles at a candidate locus amongst AD affected and
unaffected groups from the same population have produced a long list of potential
candidate genes that are not yet explored. These studies are difficult to interpret and are
not conclusive (Daw, Payami, Nemens, Nochlin, Bird, Schellenberg, et al., 2000; Selkoe
& Podlisny, 2002; St. George-Hyslop, 2000).

Clinical Phenotype
In the last deca~e, there have been attempts to dissect the clinical phenotypes to
I

identify a more genetic:ally homogeneous subgroup of families and increase the statistical
I

I

power to detect linkag, (Kardaun, White, Resnick, Petrovitch, Marcovinia, Saunders, et
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al., 2000). Significant phenotype variations exist in language manifestations (Cummings,
Hardy, Poncet, & Christen, 2005), word finding and difficulty in face naming (Croot,
Patterson, & Hodges, 199,8; Cummings, 2000; Hodges & Greene, 1998; Strain, Patterson,
Graham, & Hodges, 1998), and especially in neuropsychiatric features of patients
affected with AD (Mega, Cummings, Fiorello, & Gombein, 1996).
Table 1, Alzheimer's Disease Types and Genes Associated with the Disease,
illustrates the multiple known genes associated with AD. Specific genetic loci have been
identified either as candidate gene risk factors contributing to AD or causing the disease.
The table represents one method for classification of AD based on the gene associated
with the underlying cause. The clinical phenotype may vary with each AD type, in
accordance with the specific gene function (Online Mendelian Inheritance in Man
[OMIM], 2000). Study of the phenotype variations may provide valuable clues in the
search for genetic causes.
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Table 1

Alzheimer's Disease Types and Genes Associated with the Disease
Description of the Alzheimer's Disease Types and Genes
Associated with the Disease Phenotype
Genetic Disorder Source
Alzheimer's Disease
Type
Chromosome/Gene Locus/Protein Function
Chromosome 21- Gene map locus 21 q21
Alzheimer's Disease
Amyloid precursor protein (APP) consists of several isoforms. The
Type 1
isoform producing beta-amyloid protein results in deposits found
J\nnyloidPrecursor
in neurofibrillary tangles, neuritic plaques, and neuropil threads in
Protein (APP)
the cerebral cortex of patients with AD and Down's syndrome.
Chromosome 19- Gene map locus 19q13.2
Alzheimer's Disease
Type 2 Apolipoprotein Association with APOE4 or a mutation at a locus separate from
E4 (APOE4) gene
the APOE locus
Chromosome 14- Gene m·ap locus 14q24.3
Alzheimer's Disease
Presenilin-1 gene (PS 1)- a mutation encoding 7 transmembrane
Type 3 (Early onset
·
domain protein, presenilin-1
familial AD)
Chromosome 1- Gene map locus 1q31-q42
Alzheimer's Disease
Presenilin-2 gene (PS2) - a 7 transmembrane domain protein,
Type 4 (Early onset
presenilin-2
familial AD)
Chromosome 12 (candidate genes)
Alzheimer's Disease
Gene map locus- 12p11.23-q13.12- Low density lipoprotein
TypeS
receptor-related protein 1 (LRP1 gene)
Chromosome 10 (candidate genes)
Alzheimer's Disease
Gene map locus 10q24- Near insulindegrading enzyme gene
Type6
(IDE)-1 Oq23-q25;
Urokinase gene- Plasminogen Activator, urinary (PLAU)
CIT SNP of the PLAU gene mutation is associated with AD
Alzheimer's Disease · Chromosome 10 (candidate genes)
Gene map locus 1Op 13
Type7
At site is susceptibility locus D 1OS 1423 contains 234 bp
Chromosome 20 (candidate genes)
Alzheimer's Disease
Gene locus 20p12.2-q11.21
TypeS
Large candidate region spans 25 eM Cystatin-3 gene (CST3)
Known to be amyloidogenic protein and is co-deposited with APP
in amyloid plaques in the brain of AD
Chromosome 19 (candidate genes)
Alzheimer's Disease
Gene map locus 19p13.2
Type9
Chromosome 7 (candidate genes)
Alzheimer's Disease
Gene map locus 7q36 (candidate region 19.7 eM)- priority region
Type 10
of9.3 eM.; PAXIP1 undetermined if functional role in expression
of AD; NOS3 is in the region and is associated with AD
Online Mendelian Inheritance in Man, (OMIM), 2000, from http://www.ncbi.nih.gov/omim.
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The clinical progression of the disease varies with some contention that a long
prodromal period, up to 20 years, precedes development of the AD clinical
manifestations (Collie, Maruff, Shafiq-Antonacci, Smith, Hallup, Schonfield, et al., 2001;
Elias, Beiser, Wolf, Au, White & D'Agostino, et al., 2000). Memory impairment, alone,
has

alow specificity for predicting subsequent development of AD (Bowen, Teri, Kukull,

McCormick, McCurry & Larson, 1997; Hanninen, Hallikainen, Koivisto, Helkula,
Reinikainen, Soininen, et al., 1995; Ross & Bowen, 2002; Masur, Sliwinski, Lipton,
Blau, & Crystal, 1994), thus other phenotype characteristics should be identified that
could assist in prediction of AD development.
Genetic complexity," multiple pathways, and multiple genes all contribute to
differing AD phenotypes, Table 1, Alzheimer's Disease Types and Genes. Associated
with the Disease. Much of the correlation research that explores the relationship between
gene variations and the AD phenotype come from the study of heterogeneous samples
and can be inconclusive. Phenotype/genotype correlation studies are more likely to be
successful when homogeneous samples are used. Large extended family pedigree studies
contain shared family genes, as well as shared environments, and have the potential for
successfully identifying a unique phenotype and specific candidate genes.
Multiple examples exist to show the value of using large family kindred to
identify a specific gene causing the disease. The most successful study that led to gene
identification for AD was the multiple kindred study of the Volga German family. This
family study eventually led to identification of the presenilin 2 gene (Levy-Lahad,
Wijsman, Nemens, Anderson, Goddard, Weber, et al., 1995; Levy-Lahad, Wasco,
Poorkaj, Romano, Oshima, Pettingell, et al., 1995).

Clinical Phenotype of Alzheimer's Disease

7

Alzheimer's Disease DNA Bank

The Medical College of Georgia established an Alzheimer's Disease DNA Bank
(DNA Bank), which collects and stores DNA, medical information, and data related to
AD patients and their families. Dr. Shirley E. Poduslo, PhD, Director of the DNA Bank
has collected blood samples for DNA from the patients, spouses, brothers and sisters of
affected patients and their spouses, the children and children's spouses, and any living
relative or relative's spouse who is willing to participate in the research bank. Genetic
marker data and the pedigrees related to DNA Bank families are stored in the software
program Cyrillic 2.1 (Chapman, 1997).
Family 28 kindred is a noteworthy family enrolled in the Alzheimer's DNA Bank.
Within Family 28 kindred, 69 extended family members and spouse controls provided
blood for DNA samples. Generation IV from Family 28 includes 15 siblings in a single
generation; 12 siblings survived. A1112living siblings have provided blood for DNA
analysis. In addition, DNA was collected from both the paternal aunt and uncle in
Generation III. The maternal aunt, also Generation Ill, provided blood for DNA analysis.
Of Generation IV's 12 surviving siblings, 5 siblings are affected with late-onset AD
(LOAD) with the average age-of-onset for the affected siblings approximately 70 years of
age. It is unusual to have a family with ·so many members affected with AD in one
generation. Because LOAD affects individuals after age 65, it is also unusual to have
DNA samples from more than one generation of affected members.
Purpose
. The purpose of this research was to conduct an in-depth examination of the
phenotype of this large extended family with AD and correlate significant phenotype data
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with the specific candidate gene polymorphisms. Special emphasis was placed on
describing the clinical phenotype of those family members affected with LOAD within
Generation IV of Family 28. Secondary emphasis was focused on describing
environmental and lifestyle characteristics of both the affected and unaffected siblings all
from Generation IV of Family 28.
Theoretical Framework

Mendelian Inheritance
Guiding the framework for this research proposal are the principles of mendelian
inheritance and the principles of multifactorial inheritance. Many genetic diseases are the
result of a mutation in a single gene or monogenic traits, known as mendelian traits, after
Gregor Mendel, a nineteenth century Austrian monk. Mendel studied seven traits in the
pea, each of which is determined by a single gene. He found that variations in traits were
caused by the presence of different alleles at specific loci (Jorde, Carey, Bamshad, &
White, 2003; Winter, Hickey, & Fletcher, 2004).
Two central principles that emerged from Mendel's work were the principle of
segregation and the principle of independent assortment. The principle of segregationr
states that sexually reproducing organisms possess genes that occur in pairs and that only
one member of this pair is transmitted to the offspring (i.e., the gene segregates). Genes.
remain intact and distinct with the alleles for a trait transmitted to the next generation
offspring, which in tum, transmits the same allele to its own offspring (Jorde et al., 2003).
The principle of segregation formed the foundation for modem genetics.
I

The principle of independent assortment states that genes at different loci are
transmitted independently. In a reproductive event, one allele from each locus is

Clinical Phenotype of Alzheimer's Disease
transmitted to its off~pring. The principle of independent assortment dictates that the
allele transmitted at one locus has no effect on which allele is transmitted at the other
locus (Jorde et al., 2003). Mendel's experiments demonstrated that the effects of one
allele may mask those of another; thus describing dominant and recessive traits. A
dominant allele is expressed in both homozygotes and heterozygotes while the recessive
allele produces its effect only when in the homozygous form (Jorde et al.).

Principle ofMultifactorial Inheritance
Many traits are thought to be influenced by multiple genes as well as
environmental factors. These traits are said to be multifactorial. Traits in which the
variation is caused by the combined effects of multiple genes are polygenic. Diseases
associated with the principles of multifactorial inheritance have multiple genes that
interact with environmental factors to cause the variation in the trait (Jorde et al., 2003).
One of the goals of AD genetic research is the identification of the genes responsible for
the multifactorial traits. As genes are identified, it is important to determine how the
genes interact with environmental factors .
.Definition of Terms
A complete list of definitions is provided in Appendix A. The most frequently
used terms are included below.

Genotype- An individual's genetic constitution at a locus. Genotypes influence
phenotypes, which can be influenced by multifactorial genetic environments ·
(Jorde et al., 2093).

9
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Pedigree- Illustration of the relationships among family members that can show which of

the family members is affected or unaffected by a genetic disease. A diagram that
describes family ·relationships, gender, disease status, and other attributes.
Phenotype- The observed characteristics of an individual produced by the interaction of

genes and environment. Gene action is affected by biological and physical factors
in the environment and multiple genes may determine a trait. When two or more
genes influence a trait, an allele of one of them may have an overriding effect on
the phenotype. Continuously varying traits are influenced by a large number of
genes, each segregating on different alleles, and the traits are influenced by a host
of environmental factors, each having a small effect. This combination of genetic
and environmental factors creates a wide range of phenotypes thus explaining
multifactorial inheritance (Snustad & Simmons, 2000).
Proband- The first individual diagnosed in the pedigree; typically, an arrow on the

pedigree chart denotes the proband. Proband is the original family member
identified in the development of the pedigree and in the collection of DNA
samples for the DNA Banlc
Conceptual Model of Factors Influencing AD Phenotype
Environmental, physiological, behavioral, and cognitive factors are highly
associated with multiple different genes, each having a potential influence on the AD
phenotype. A common method when working with families is to examine the genes and
environment of affected and unaffected siblings (and other unaffected family members).
Unaffected family members serve as an excellent resource as controls because of their
shared similar environinents. The late age-of-onset associated with AD makes studying
I
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environment difficult because of the length of time that passes prior to disease
manifestation.
Figure 1, Factors Influencing Alzheimer's Disease Phenotype, represents a
conceptual model that incorporates some of the more commonly known factors identified
from the literature. Epidemiological studies, association studies and correlation research
continue to identify multiple factors that may influence the phenotype for AD, thus
making it difficult to present an all-inclusive model.

Lam~:uaf!e

difficulties

Factors Influencing Alzheimer's Disease Phenotype

Figure 1: Conceptual model of factors influencing Alzheimer's disease phenotype.

Hypotheses
Hypothesis 1

Generation IV. members of Family 28 afflicted with Alzheimer's disease will
demonstrate a particular significant phenotype associated with Alzheimer's disease.
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The conceptual model guided the exploration ofthe variables to be examined
within the phenotype and will guide identification of risk modifiers that may potentially
influence the phenotype of Generation IV in Family 28.
Research Question #1. What is the phenotype of the proband, and each of the
siblings affected with Alzheimer's disease in Generation IV in Family 28?
Research Question #2. What environmental predictors contribute to or modify the
phenotype characteristics in Generation IV siblings in Family 28?
Hypothesis 2
Correlation of Generation IV ofFamily 28 phenotype with the specific gene(s) ·
identified from the genetic analysis may identify potential genes that contribute to the
onset of Alzheimer's disease in Family 28 kindred.
Research Question #3. What specific candidate gene(s) variants correlate_ with the
phenotype characteristics of Generation IV in Family 28?
Significance to Nursing
Nurses are occupied every day with the prevention, assessment, treatment, and
therapeutic intervention of patients with complex diseases such as AD (Frazier,
Meininger, Lea, & Boerwinkle, 2004). Nursing is at the interface of translating human
genome research discoveries about AD into clinical practice and must become a part of
the interdisciplinary team that combines basic research with clinical diagnosis (Lea, 2002;
Greco & Mahon, 2002; Jenkins & Lea, 2005). Identification and correlation of AD
phenotype with genetic research will enable nurses to understand the etiology of AD and
be a partner in early intervention strategies. Early detection and intervention that delays
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the mean age-of-onset of AD by approximately five years, could reduce the number of
persons with AD by 50% by the year 2050 (Brookmeyer et al., 1998).
Summary
AD is a complex disease with multiple genes that interact. Each gene's ,
contribution may be small and variable, resulting in a different clinical phenotype.
Multiple environmental, physiological, behavioral and cognitive factors may i~teract with
specific genotypes to determine the clinical phenotype for Family 28. The conceptual
model identified in Figure !.incorporates the more common factors in the literature that
may influence the phenotype for AD. The model guided the research exploration of
Generation IV in Family 28 as the researcher conducted an in-depth assessment to
determine the specific phenotype of Generation IV in Family 28 and c~rrelate the
phenotype with the genotype.
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CHAPTER II
REVIEW OF THE LITERATURE
The scientific literature was reviewed for research relevant io (1) the pathology
and diagnosis of AD; (2) the genotype/phenotype correlation studies that used large
extended family pedigrees with multiple family members affected with AD; (3) the
review of significant genes believed to have an impact on AD; and (4) the appraisal of the
epidemiological studies where specific identified environmental factors are believed to
influence the genotype/phenotype in AD.
The aim of the review was to present a synthesis of the state of the knowledge
relevant to genotype/phenotype correlations in AD, to identify gaps in the present state of
knowledge, and to explicate the context in which the proposed investigation addressed
the research questions. The overall goal was to produce new knowledge critical to
understanding the cause of AD.
Pathology and Diagnosis
In 1907, a German neurologist, Alois Alzheimer first described AD (Kamboh,
2004). Despite the fact that the disease was· described about a century ago, there are still
no biological markers for the pre-symptomatic detection of AD. Diagnosis of AD is
bas,~d

on criteria from three widely used sources. These sources are the International

Classification of Diseases (ICD-1 0, World Health Organization, 1992), the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition (DSM IV, American Psychiatric
Association, 1994), and the National Institute ofNeurological and Communicative.
I

I

Disorders and Stroke and Alzheimer's Disease and Related Disorders Association
j

(NINCDS-ADRDA) {lV.lcKhann, Drachman, Folstein, Katzman, Price, & Stadian et al.,
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1984). This research study used the NINCDS-ADRDA diagnostic criteria to confirm a
diagnosis of AD; the same criteria used for inclusion of AD patients in the Alzheimer's
Disease DNA Bank.
The NINCDS-ADRDA criteria classify the diagnosis of AD into three levels of
diagnostic certainty: probable, possible, and definite. Probable AD is diagnosed when
dementia is characterized by gradual onset and progression, with impairment in tWo or
more cognitive domains as documented by examination and testing, and when other
potential causes of dementia are excluded. Possible AD is present when the patient shows
variations in the onset, presentation, or clinical course of dementia; or when another
potential disorder associated with dementia (e.g. cerebral infarct) is present but is not
primarily responsible for the dementia. Definite AD requires the clinical features of
probable AD and histopathological confirmation by cerebral biopsy or examination of
brain tissue upon autopsy (McKhann et al., 1984).
Definite diagnosis of AD at autopsy includes microscopic examination of the
brains of Alzheimer's patients and reveals specific characteristics of the disease, such as
neuritic plaques around neurons, twisted fibrils within neurons(neurofibrillary tangles),
and loss of neurons (Wisniewski & Weigel, 1993; Risse, Raskind, Nochlin, Sumi,
Lampe, Bird et al., 1990). A small number of plaques and tangles are part of normal
aging in brains of people who live to be in their 70s and 80s, but the number of plaques
and tangles is increased significantly in the brains of persons with AD.
In 1996, the Ag~ncy for Health Care Policy and Research (AHCPR) developed

Clinical Practice

Guid~line

No. 19 to provide criteria targeted at early diagnosis. Clinical

I

Practice Guideline No.l9 using NINCDS-ADRDA criteria and recommends diagnosis be
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made by observing the typical manifestations of the course of the disease, and excluding
other potential causes of dementia based on medical history, physical and neurological
examination, neuropsychological assessment, and psychiatric evaluation, followed by
laboratory and neuroimaging studies. Clinical diagnosis is approximately 90% accurate
(Hanninen et al., 1995; Tierney et al., 1996; Bennett, Wilson, Schneider, Evans,
Aggarwal, et al., 2003).
Researchers continue to search for ways to identify AD in the early stages using
multiple methods, including neuropsychiatric and genetic testing. In families with
multiple affected members, the examination of the pedigree and the phenotype may
provide additional clues to early identification of the disease.
Clinically, AD causes progressive memory loss with symptoms presenting more
commonly after the sixth decade of life. Within four to seven years after disease onset,
the patient becomes increasingly dependent on others. The median duration of AD from
onset to death is usually nine to ten years but may be as long as twenty years.

A wide

variability in clinical symptoms is observed where increased age and severity of dementia·
adversely affects survival (Morris, 1999).
Research on normal and pathological aging permits an evidence-supported
approach to identifying steps in early recognition and initial assessment of persons
suspected of having AD or a related dementia. Evaluation of memory impairment alone
has a low specificity for predicting the subsequent development of AD and multiple risk
factors should be examined together for a more accurate diagnosis (Hanninen et al., 1995;
Tierney et al.,-1996; an~ Bennett, Wilson, Sneider, Evans, Mendes deLeon, Arnold, et al.,
2003). The NINCDS-ADRDA encourages a combination of informant and patient
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reports, mental status. assessments, and differential laboratory diagnostic tests to rule out
other known causes of dementia. As potential therapeutic modalities for dementias
become available, early recognition and assessment of dementia will assume an even
greater importance.
Multiple Family Kindred Studies
Two ways used to identify new genes in late-onset AD have been the study of
multiple small families and the examination of single extensive pedigrees. Both have
drawbacks. Studies using multiple families are expensive and hampered by heterogeneity,
which decreases the likelihood of identifying the specific gene. Large kindred families
where the specific gene· is found across families can provide a greater potential to identify
common genes specific to the disease. Results can then be correlated across multiple nonrelated families. This research proposal used a large kindred family to describe the
clinical phenotype of a single generation, Generation IV in Family 28, and correlated it
with candidate genes identified through genetic analysis.
The use of large multiple family studies has a higher potential to detect a mutation
segregated with the disease but because of co-morbidity, death, or migration, it is rare to
find large families with late-onset AD who have the number of affected cases large
enough to allow detection of linkage. However, phenotype studies of large kindred
families have played a significant role in the identification of specific genes associated
with AD (Schellenberg, Bird, Wijsman, Orr, Anderson, Nemen, et al., 1992;
Schellenberg, Bird, WiJ:sman, Moore, Boehnke, Bryant, et al., 1988; StGeorge-Hyslop,
.

I

Tanzi, Polinsky, Haines', Nee, Watkins, et al., 1987). Most large kindred studies focused
I

on autosomal dominant !disorders.
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Family history has been an effective method to identify and stratify risk for
"

genetically predisposed individuals. The literature contains many AD family history
studies, which have uncovered links to a specific disease through the study of multiple
affected members in large family kindred (Bergamini, Pinessi, Rainero, Brunetti, Cerrato,
Cosentino, et al., 1990; StGeorge-Hyslop, Myers, Haines, Farrer, Tanzi, Abe, et al.,
1989).
Extensive study of large pedigrees can provide evidence correlating the
chromosomal localization of the gene respo~sible for the disease. Recognition of the
increased presence of AD in Down's syndrome patients and available epidemiologic data
from four families affected with familial AD became instrumental in identifying a locus
on chromosome 21 that predisposed the families to AD. Initially, the pedigree established
the association with the disease in an extensive family. Combined with data from ongoing
genetic studies it was possible to define the genetic linkage to specific DNA markers on
chromosome 21 q21. This early gene was later identified as the amyloid precursor protein
(APP) gene (St. George-Hyslop et al., 1987).
Two other studies, one of a predominantly multiplex kindred with later age-ofonset, and the other a cadre of kindred with a unique Volga German (VG) ethnic origin
were important to identify additional genetic causes of AD. These studies found that the
APP gene was not responsible for AD in the VG kindred and linkage to chromosome 21
was absent. Continued research attempts to correlate the known AD loci with other
family kindred did not 'account for all the cases of AD. Uncertainty about conflicting
findings led to further ~xamination and identification of additional polymorphic DNA
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markers in families with familial AD (St. George-Hyslop, Haines, Farrer, Polinsky, van
Broeckhoven, et al., 1990).
The most significant kindred study is the Volga German (VG) family, a group of
seven related families with autosomal dominant early-onset AD. By pedigree, VG
kindred demonstrated an inherited autosomal trait for AD. The VG families affected with
AD had an average age-of-onset of50.2 to 64.8 years. As German immigrants in Russia,
they remained culturally distinct and did not intermarry with the surrounding population.
Numerous affected subjects in these families were clinically affected with AD. At least
one affected subject from each family had an autopsy confirmed diagnosis of AD. Except
for the relatively early age-of-onset, AD in the VG families was clinically
indistinguishable from typical AD. Extensive case histories to explore the phenotype
were obtained from spouses, children, siblings, and physicians of demented individuals of
the VG families. The'histories contributed to the identification of a probable genetic
founder effect. There are estimates of more than 300,000 VGs in the population (Bird,
Lampe, Nemens, Miner, Sumi, & Schellenberg, 1988).
The genetic search for AD in the VG family took several years. Initially, genetic
research found that the locus responsible for AD in the VG kindred did not co-segregate
with known markers at the amyloid precursor protein (APP) gene locus, on chromosome
21, and no mutations had been detected in the APP gene. Markers on chromosome 14
showed highly signifi9ant positive logarithm of the odds (LOD) scores in very earlyonset non-Volga German kindred but the results for the Volga German families were
either negative or not significant for markers 1n chromosome 14 region (Schellenberg et
al., 1992; Schellenberg et al., 1988). (A LOD score of3 means the odds are 1000 to 1 in
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favor of genetic linkage). Although the APOE4 gene was elevated in the VG population,
study of the age-of-onset and other phenotypes demonstrated that APOE was an unlikely
influence.
Research continued to identify the protein encoded on the chromosome 14 gene
and eventually the protein structure for the Presenilin 1 (PS 1) gene was identified. A
comprehensive review of genetic banks identified a similar gene on chromosome 1 which
had a similar protein structure to the identified gene on chromosome 14. The research
team sequenced the gene fromthe VG family and found a 112-base pair allele ofD1S479
that co-segregated with the disease in 5 of the 7 VG families. Family members with AD
all had the same mutation in the gene, while unaffected family members did not have the
mutation. Ongoing genetic studies of the Volga family became significant in the
identification and discovery of the PS2 gene, which encoded on chromosome 1q31-42
(Levy-Lahad, Wijsman et al., 1995; Levy-Lahad, Wasco et al., 1995). _ ·
Researchers continued to conduct multiple large family kindred studies in
attempts to identify different linkages or to confirm AD linkage to specific genes (Bird,
Sumi, Nemens, Nochlin, Schellenberg, Lampe, et al., 1989). A large Swedish family
study also excluded linkages to known AD genes on chromosome 21 and 14 and
concluded that other unidentified genes may be involved in AD (Lannfelt, Lilius,
Appelgren, Axelman, Forsell, Liu, et al., 1993). Linkage of AD to DNA markers on
chromosomes 14, 19, ·and 21 was studied in 10 large Dutch families with an apparent
autosomal dominant trait and found conclusive linkage to 14q24.3 in only one family
with a very early onset AD (around 47 years) and no conclusive linkage on chromosome
19 or 21. The findings confirmed the presence of genetic heterogeneity within familial
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AD and concluded that AD is associated with additional unidentified genetic
polymorphisms and/or non-genetic factors (van Duijn, Hendriks, Farrer, Backhovens,
Cruts, Wehnert, et al., 1994).
An additional extended pedigree study of four extensive kindred with a family
history of AD identified a common founder. The founder came to the region in Spain and
arrived in the eighteenth century. Twelve family members affected with late-onset AD
(LOAD) and sixteen unaffected members were examined in this study. The pedigree
presented as autosomal dominant LOAD with dementia, which was recorded for six
generations. The phenotype for this family was based on medical history, neurocognitive
examination, blood test results, and neuroimaging with affected individuals. The
phenotype demonstrated progressive memory loss, an age-of-onset between 57 and 74
years, seizures, myoclonus, and Parkinsonism in advanced stages. Genotypes of markers
on chromosome 21, 14, and 1 excluded linkage to the known autosomal dominant genes.
The APOE4 allele was not associated with an earlier age-of-onset. Complex segregation
analysis determined a major gene (dominant) with a gene frequency close to 3% in this
family. Ongoing genetic studies continue to attempt to identify the responsible novel
gene in this family (Jimenez-Escrig, Gomez-Tortosam Baron, Rabano, Arcos-Burgos,
Palacios, et al., 2005).
Another German family (not related to the VG family) with 21 AD affected
members was studieq clinically and genetically. The pedigree was traced through seven
generations to a rural part of East-Westfalia in Germany. The mode of inheritance
identified in the pedigree was compatible with autosomal-dominant transmission. The
focus ofEast-Westfalia kindred study was on establishing the phenotype for the family.
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A detailed pedigree was established from personal interviews, review of medical records
and investigation of family and church records. Further investigation identified clinical
manifestations, progression of the disease, and the neuropathological features of the
phenotype of this family. Diagnosis of AD was verified by autopsy in three affected
family members. The phenotype demonstrated a rapid, progressive decline without major
psychiatric symptoms. Myoclonus, mutism, and cachexia features were identified in later
stages. Investigation of genetic markers in the East-W estfalia families was proposed and
analysis is ongoing (Frommelt, Schnable, Kuhne, Nee, & Polinsky, 1991).
The previous examples cited are representative of the importance of studying
large families to assist in identification of potential genes associated with AD. Thus,
studies of large kindred continue to be an important methodology for genetic research
and represent a strong rationale for the present research.
Genetic Factors
Multiple genetic variants have been identified as potential genes associated with
conferring risks for AD. To correlate all the possible genetic combinations with all of the
9linical outcomes would be an immensely complex task. Single nucleotide polymorphism
(SNP) microarrays holding thousands of reference DNA samples are valuable tools to
assist researchers screen for candidate genes that may be involved in the disease.
Currently, the known genetic ri~k factors for AD account for only a small percentage of
genetic factors causing AD. Research that can identify a common uniform clinical
phenotype associated:with a positive family history and shared environment can
contribute to further i~entification of genes and may contribute to early identification of
AD in specific famili~s.
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Microarray technology
The advent of olig?nucleotide microarray analysis, in which hundreds or
thousands of genes and mutations can be tested in parallel, offers tremendous promise for
accurate, sensitive, and efficient genetic testing (Grody, 2003). Important to this research
proposal is identification of genes that may be involved with late-onset AD, especially in
the Family 28 kindred. Complex diseases, such as AD, increasingly are using genomewide association studies which rely on SNP microarrays to detect potential candidate
genes. Microarray analysis that uses narrowly defined phenotypes with matched criteria
has the greatest potential to identify causative genes.
Microarrays rely on nucleic acid hybridization in which known SNP
oligonucleotides are used to probe complementary sequences. In a micro array (also called
a gene chip), hundreds or thousands of SNP oligonucleotides or DNA fragments are
arranged or printed in an orderly pattern or array, usually as a series of dots on glass
microscope slides. DNA fragments are labeled using different fluorescent dyes, then
mixed and hybridized with the arrayed DNA spots. These oligonucleotides or DNA
fragments (the probes) usually correspond to known genes (Brown & Botstein, 1999).
DNA molecules that are complementary to the probes on the array hybridize with
the oligonucleotides and emit fluorescence, which can be detected by an automated
scanner. An array con~aining tens of thousands of probes can be applied to a glass slide or
silicon wafer, which is! just a few square centimeters in size (Jorde et al., 2003).
Computer software an~lysis evaluates the vast quantity of genetic information that is
i
I

produced.
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This powerful technological intersection between biology and computer software
enables the reliable screening of a vast number of SNPs simultaneously. Individual chips
can be customized to include any chosen set of fully or partially characterized gene
sequences. Each chip is used just once, to analyze one sample. Use of gene chips is
expensive, but provides a more cost-effective way compared with amplifying and
sequencing every exon of a large gene. The power of these microarrays lies in the
potential for comparative studies in diseased versus normal samples (Jorde et al., 2003).
The vast quantity of data generated as a result of the use of gene chips creates
logistical difficulties for analysis, presentation, and archiving. In addition, not all the
DNA molecules bind equally to microarrays, which usually produces microarray results
that over-estimate or underestimate results. The confirmation and verification of the
results of micro array should be performed through additional methods, usually
sequencing of the

gen~

(Jorde et al., 2003).

Apolipoprot(f!in E (APOE)
The most potent risk factor for late-onset AD is the presence of the apolipoprotein
epsilon 4 (APOE4) allele on chromosome 19 (Corder, Saunders, Strittmatter, Schmechel,
Gaskell, Small, et al., 1993; Strittmatter, Saunders, Schmechel, Pericak-Vance, Enghild,
Salvesen, et al., 1993; Saunders, Strittmatter, Schmechel, St. George-Hyslop, PericakVance, et al., 1991). There are three alleles of APOE: APOE2, APOE3, and APOE4. The
APOE3 allele is the most common form and is found in 77% of the population. The
APOE4 allele is found 'in fifteen percent of the population while the APOE2 allele is
found in eight percent of the population (Corder et al., 1993).
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Possessing the APOE4 variation, increases the odds of developing AD, so that
patients heterozygous for the APOE4 allele carry heightened susceptibility to Alzheimer's
disease. However, those individuals with APOE4 do. not always acquire the disorder
while a significant number who do not possess the genetic variant develop AD. Most
researchers consider the APOE4 gene as a potential risk factor.
Multiple studies demonstrate a high percentage (40-50%) of AD patients with at
least one copy of the APOE4 allele (Poduslo, Riggs, Schwankhaus, Osborne, Crawford &
Mullan, 1995; Saunders, Strittmatter, Schmechel, StGeorge-Hyslop, Pericak-Vance, Joo,
et al., 1993; Small, Chen, Komo, Ericoli, Bookheimer, Miller, et al., 1999; Strittmatter et
al., 1993; Town, Paris, Fallin, Duara, Barker, Gold, et al., .1998). Elderly persons with
two copies of the APOE4 allele appear to have an especially high risk of dementia
(Scarmeas, Brandt, Albert, Devand, Marder, Bell, et al., 2002). A significant number of
research studies repoq increasing evidence that APOE4 is the strongest predictor of
cognitive decline in the elderly (Bennett, Wilson, Schneider, Evans, Mendes de Leon,
Arnold, et al., 2003).
There are differences in the effect of the APOE allele combinations. Studies show
that those with no cognitive decline have a higher frequency of the APOE2 allele and a
lower frequency of the APOE4 allele (Bennett et al., 2003; Howieson, Camicioli, Quinn,
Silbert, Care, Moore, et al., 2003). Possession of the APOE2 allele may confer a
protection from the

dev~lopment

of AD.

Apolipoprotein Cl (APOCI)
I

Immediately dd wnstream from APOE, located on chromosome 19, is the gene for
1

apolipoprotein CI (APQCI). The APOCI A allele is similar to the frequencies for the
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APOE4 allele and is in linkage disequilibrium with APOE4 in probable Alzheimer's
patients. The exact function of APOCI is unclear and whether the protein has any effect
on the binding or on plaque formation is unknown at this time. Nonetheless, both genes
may be considered as major risk factors for AD (Lauer, Walker, Elshourbagy, Reardon,
Levy-Wilson, & Taylor, 1998; Poduslo & Yin, 2001).
Transient receptor potential cation channel, subfamily C, member 4 associated protein
(TRPC4AP)

The TRPC4AP gene on chromosome 20q 11.22 was recently identified as the gene
significant for AD in Family 28. The gene expressed protein, tumor necrosis factor
receptor-associated ubiquitous scaffolding and signaling protein (TRUSS), may have
several functions, as a cation channel protein and as a scaffolding protein (a protein
whose main function is to bring other proteins together for them to interact) (Soond,
Terry, & Riches, 2006).
TRUSS is believed to interact with the cytoplasmic domain of tumor necrosis
factor receptor 1 (TNF-R1) making the complex insensitive to stimulation with TNF-a, a
cytokine involved in systemic inflammation (Soond, Terry, Colbert, & Riches, 2003).
TNF-ahas been shown to be produced in response to physiological activity in neuronal
circuits. Findings suggest that the signaling pathway (TRUSS~ TNF-R1

~

TNF-a) can

modulate neuronal excitability and vulnerability of neurons to excitotoxicity (Albensi &
Mattson, 2000). Collectively, TNF -a and specific signaling pathways have import~t
roles in the regulation ?f hippocampal synaptic plasticity, which is the ability between
;

two neurons to
2000).

activat~

postsynaptic neurotransmitter receptors

(Albe~si

& Mattson,
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TRPC4AP may play a role in the TNF-apathway, which may be involved with
the pathology of Alzheimer's disease. TNF-areleased from activated microglia could
lead to neuronal apoptosis or programmed cell death found in the AD process. TNF-a
production may mediate the neurotoxicity that is found in the brains of Alzheimer's
patients (Antoniou, Ford, Pilley, Blake, & Powis, 2002).
The TRPC4AP related protein, TRUSS, may also have a major histocompatibility
complex (MHC) class 1 binding function, which plays a vital function in the immune
system (Antoniou et al., 2002). Ongoing research continues to examine the role the
immune system may play toward AD development.
The transient receptor potential cation (TRPC) channels are part of a superfamily
of 28 channels subdivided into six subfamilies. These channels are nonselective, calcium
permeable cation channels, which are involved in many cellular processes including
muscle contraction, transmitter release, cell proliferation, gene transcription, and cell
death. TRP channels are expressed in almost every tissue and cell type and play an
important role in the re~lation of various cell functions. Many members of the TRP
superfamily are potential targets that can contribute to pathogenic diseases. Abnormal
regulation of ion channel function is involved in all forms of inflammation and in
systemic diseases, including neurodegenerative, cardiovascular, and respiratory diseases
(Nilius, Owsianik, Voets, & Peters, 2007). hnportantly, several TRP channels seem to be
linked to aging, with TRP expression decreasing with age, which in turn results in
decreased calcium ion rea~ sorption (Nilius et al.). TRP channels may be involved with
I

AD by possibly disrupting calcium homeostasis in the brain (Yamamoto, Wajima, Hara,
Nishida, & Mori, 2007). ·
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Summary.

Studies with large families have repeatedly shown that a family history of AD is a
significant risk factor for developing the disease. In some families, a clear pattern of
inheritance is observed, although in other families the clustering of patients with AD is
less dramatic, suggesting incomplete penetrance or multiple genes that may contribute ~o
the occurrence of AD. Identifying potential genes is complicated by the later age-of-onset
. in AD. Studies using large family kindred are essential for the exploration and potential
identification of candidate genes causing AD. Phenotype studies of how the disease
manifests in these large family kindred may provide additional information in the search
for candidate genes. In the present research, correlation of the phenotype was evaluated
against the APOE4 allele and mutations in the TRPC4AP gene.
Environmental Factors
Increasing evidence suggests that the interactions between genes and environment
might play a critical role in the pathogenesis of complex diseases, such as AD, especially
since most of the complex diseases exhibit a heritable component but do not follow
Mendel's laws. Gene-environment interactions are extremely complex and not linear,
such that the same genetic variants might be associated with opposite phenotypes in
different environments. Multiple epidemiologic studies have contributed to identification
of a significant number of risk~modifiers for AD. Many environmental studies have
identified specific variables that interact with specific genes and produce a significant
impact, either protective o~ contributory to development of disease.
·,

Risk modifiers with potential to influence the development of AD are varied and
I

large in number. The emphasis of the present research was on variables most promising
I
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for contributing to th~ phenotype of Generation IV in Family 28. The review of
epidemiologic studies focused on significant physiological, physical, behavioral, and
cognitive studies iden~ified as important modifiers or descriptors of the AD phenotype.
As the analyses of the modifiers or descriptions within Generation IV in Family28 were
identified, common modifiers emerged while other variables or modifiers were
eliminated.
Physiologic Factors
Age. Genetic studies generally have focused on two key issues-whether a gene

might influence a person's overall risk of developing a disease, or whether a gene might
influence some particular aspect of a person's risk, such as the age at which the disease
begins or the age-at-onset. The single most important risk factor for AD is age (Breitner
& Folstein, 1984; Farrer, Myers, Cupples, St. George-Hyslop, Bird, Rossor, et al., 1990;

Fitch, Becker, & Heller, 1988; vanGool, Schenk, & Bolhuis, 1994). A genomic screen of
449 families affected with AD and 174 families affected with Parkinson's disease showed
that age-of-onset appeare~ to be passed down through generations and that age-of-onset
may be controlled by a common gene (Li, Scott, Hedges, Shang, Gaskell, Nance, et al.,
2002).
Identifying the genes that regulate disease onset is important because they will
help to uncover the molecular pathways involved in the initial development of the disease.
In studies attempting to ide~tify common predictors the only significant predictors of
I

.

age-of-onset for AD were positive family history status and APOE4 status (Duara, Barker,
\

Lop~z-Alberola, Loewenste~n, Grace, Gilchrist, et al., 1996). The determination of age!

of-onset is a relevant aspect \to defining the phenotype.
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Cholesterol. Many studies suggest a connection between AD and various heart
disease and stroke risk factors, including high cholesterol levels and hypertension
(Kivipelto, Helkala, Itaakso, Hanninen, Hallikainen, Alhainen, et al., 2002) A correlation
between high blood cholesterol and AD risk was found in transgenic mice (Shie, Jin,
Cook, Leverenz, & LeBoeuf, 2002). APP transgenic mice fed a high cholesterol diet
demonstrated that mice with high levels of cholesterol in the blood and the brain
developed increased {3 amyloid deposits. The {3 amyloid deposits were directly correlated
with levels of APOE4 and inversely correlated with levels of high-density lipoprotein
(HDL), a form of cholesterol believed to be protective for heart disease (Refolo, Pappolla,
LaFrancis, Malester, Schmidt, Thomas-Bryant, et al., 2001).
There is renewed interest in the relationship of vascular disease and use of statins
(HMG-CoA reductase inhibitors), a class ofhypolipidemic drugs used to lower
cholesterol in individuals at risk for heart disease (Crisby, Carlson, & Winblad, 2002;
Rockwood, Kirkland, Hogan, MacKnight, Merry, Verreault, R., et al., 2002; Simmons,
Scharzler, Lutjohann, VonBergmann, Beyeuther, et al., 2002). Statins could reduce the
risk of AD by reducing the intra- and extracellular amount of A- beta peptide. However,
use of statins in clinical trials of patients with AD and normal cholesterol did not result in
a change in A-beta peptide levels in cerebrospinal fluid (Fassbender, Simmons, ·
Bergmann, Stroick, Lutjohann, et al., 2001). Results are inconclusive as to whether there
is a direct link between the use of statins and AD.

Hypertension.

Hype~ension

has been suggested as an additional cardiovascular

link to AD. However, studies suggest that AD risk is more associated with hypertension
that begins in midlife rather than hypertension that begins in later life. A history of
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hypertension beginning at age 65, treated or untreated, was not found to contribute to the
development of AD and has not been shown to contribute to a decline in cognitive
function as people age (Posner, Tang, Luchsinger, Lantigua, Stem & Mayeux, 2002). The
Indianapolis-Ibadan Dementia Project found

along-term effect of a 38% lower risk of

developing cognitive impairment when the management of hypertension with
antihypertensive medications was used in the treatment of older African-American
participants (Murray, Lane, Gao, Evans, Umverzagt, Hall & Hendrie, 2002).
Three major long-term cardiovascular disease epidemiologic studies, the
Framingham Heart Study, the Cardiovascular Health Study, and the Atherosclerosis Risk
in Communities Study explored the relationships between cardiovascular risk factors and
AD. All three examined cognitive decline and dementia related to vascular disease (Gates,
Beiser, Rees, D'Agostino, & Wolf, 2002). The Framingham Heart Study add-on found
that hypertensive obese men were more likely to develop a decline in cognitive function
than were men who were not obese or hypertensive (Elias, Elias, Sullivan, Wolf, &
D'Agostino, 2003 ). The association was not found in women.
The Atherosclerosis Risk in Communities Study found that vascular changes
associated with hypertension were associated with declining cognitive function in later
years irrespective of sex (Alves de Moraes, Szklo, Knopman, & Sato, 2002; Wong &
Wong, 2002).
The Cardiovascular Health Study investigators concluded that the older a person
becomes, the more likely it is that the brain will have "silent" infarcts resulting in a
decline in cognitive function (Longstreth, Dulberg, Manolio, Lewis, Beauchamp,
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O'Leary, et al., 2002). Hypertension was suspected to play a role in producing the brain
infarcts and thus was indirectly related to the decline in cognitive function.

Stroke. Stroke is a major risk factor for AD, independent of age, and may also be
a strong predictor of decline in the cognitive function in healthy older men (Seshadri,
Wolf, Beiser, Elias, Au, Kase, et al., 2004). AD and stroke are known to increase at
comparable rates with age. Longitudinal clinical studies suggest that the co-existence of
stroke and AD occurs more than by chance alone and that vascular risk factors linked to
cerebrovascular disease and stroke increase the risk of developing AD. Patients already
affected with AD, who later develop stroke, demonstrated an increased rate of cognitive
decline and produced a poorer outcome, implicating some interaction between the
disorders (Kalaria, 2000).
The clinical manifestations following stroke differ based on the underlying
pathology. A significant difference was identified in the Normative Aging Study, ·which
found age was associated with decline in all cognitive functions, whereas stroke was
associated with a decline only on the specific cognitive function of verbal fluency (Brady,
Spiro, McGlinchey-Berroth, Milberg & Gaziano, 2001).
Although little is known about the possible role of APOE in the molecular events
following stroke in the setting of AD, the relationship between vascular injury, APOE,
and AD is supported in the literature (Rippon, Tang, Lee, Lantigua, Medrano, & Mayeau,
2006). Research suggests that a history of stroke in the presence of APOE4 increases the
risk of AD substantially. One potential explanation is that stroke in persons with APOE4
may promote the pathologic process of AD. Alternatively, the presence of APOE4 may
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modify the brain's vascular response thus increasing the degree of cognitive dysfunction
that results from stroke.
Potential environmental factors contributory to stroke in the presence of APOE4
may represent a gene-environment interaction but the concept is controversial primarily
because it is unclear whether the term implies a true biologic interaction or a statistical
one. In the general population, one in three persons will have a stroke, become demented,
or both. For each person who has a stroke or AD, two have some cognitive impairment
short of dementia, often subclinical cerebrovascular disease with a substrate of Alzheimer
changes. The fact that cerebrovascular and AD share the same risk factors, provides a
great opportunity for prevention, if implemented at the "brain at risk" stage (Hachinski,
2007).
Physical Factors
Physical and Mental Activity. Until recently, scientists thought that neurons jn

mammals were formed only during the fetal period and for a short time after birth. Recent
studies have shown that new neurons form from a population of dividing cells called
neural stem cells (Song, Ding, Fan, & Chen, 2002; van Praag, Schinder, Christie, Toni,
Palmer & Gage, 2002). Scientists demonstrated that mice provided with an enriched
environment of ninning wheels, plastic tubes, and nesting materials produced more new
neurons in the hippocampus, which correlated with an improved performance on learning
tasks (Kempermann & Gage, 2002). Other studies have further shown that increased
physical and mental activity, even when started in middle age, can enhance the
generation of new neurons in the hippocampus of aged mice. The increase in neurons .

Clinical Phenotype of Alzheimer's Disease

34

correlated with the mice demonstrating improved learning and exploratory behavior
(Kempermann, Gast, & Gage, 2002).

An important goal of aging research in humans is to determine factors leading to
individual differences that might compensate for some of the deleterious effects of aging
on cognition. Exercises that encourage brain enrichment are touted throughout the media
in the hope that puzzles and games may limit the adverse effects of aging. Exercises in
complex source memory tasks may recruit additional neural resources apparently not
required by the yo~ng (Czemochowski, Fabiani, & Friedman, 2008).

Lifestyle-Exercise. A number of recent studies of lifestyle factors, such as
physically and intellectually stimulating activities, demonstrate potential impact on AD
risk. Studies of physical exercise on rats suggest that exercise or a stimulating enriched
environment can increase resistance to brain injury, stimulate the formation of new
neurons, and enhance cognitive and behavioral performance. Several days of exercise ·
resulted in increas¢d levels

of~rain-derived

neurotrophic factor (BDNF), a growth factor

that stimulates survival, growth, and adaptability of some neurons in the hippocampus
(Cotman & Berchtold, 2002). Elevated levels ofBDNF remain high even after several
weeks of no exercise. Exercise appears to recruit brain processes that contribute to
cognitive function~ng and activate cellular mechanisms that protect the brain from
damage and promote its repair (Cotman & Berchtold). Gene expression profiles of 5,000
genes in the norm~l rat hippocampus found that after just three weeks of exercise a
number of genes involved in neuronal activity and adaptability were expressed (Cotman
& Berchtold).
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A prospective analysis of risk factors for Alzheimer's disease in the Canadian
Study of Health and Aging found risk for AD lowest in individuals with complex activity
patterns that include frequent intellectual involvement and regular physical activity. The
protective associations could be an important component of a preventive strategy against
Alzheimer's disease (Lindsay, Laurin, Verreault, Hebert, Helliwell, McDowell, et al.,
2002).

Dietary Factors. Healthy living and a diet rich in fruits and vegetables has long
been associated with healthy aging. Food sources high in antioxidants can reduce
oxidative stress caused by free radicals and the use of antioxidants has been proposed as a
protective factor for poor memory and dementia (Mayeux, 2003). An 18-month study of
high intakes of Vitamin E found a protective effect. A decreased rate of cognitive decline
(36%) was found among people with a high Vitamin E intake obtained primarily from
food sources. The same benefit could not be found when sources of the antioxidant came
from Vitamin E supplements. There was no significant change in risk of AD when
Vitamin E, Vitamin C, beta carotene, or multivitamin supplements were the supply
source rather than: dietary food sources. The benefit of the association between risk for
AD and increased consumption of foods high in antioxidants was strongest among people
who did not have the APOE4 allele (Morris, Evans, Tangney, Bienias, Wilson, Aggarwal,
et al., 2005).
Large epidemiologic studies that examine diets concluded that diets high in
saturated or trans-unsaturated fat or low in non~hydrogenated unsaturated fats may be
associated with cognitive decline among older persons (Kalmijn, Feskens, Launer, &
Kromhout, 1997; Kalmijn, vanBoxtel, Ocke, Verschuren, Kromhout, Lainer, et al., 2004).
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I

Other studies found that even though a high intake of fats and calories taken over time
I
i

I

was associated with higher risk of AD in elderly individuals, the risk was only
demonstrated in individuals carrying the APOE4 allele (Luchsinger, Tang, Shea, &
Mayeux, 2002). However, diets low in fat are encouraged even without specific evidence
of the value for preventing AD.

Smoking. Smoking has been implicated in a large number of complex diseases.
Most studies of sm:oking and AD found no association with past or current smoking and
AD in either Caucasian or African American ethnic groups. The MIRAGE study found
no association between smoking and risk for AD in Caucasians (odds ratio [OR]= 0.88, .
95% confidence interval [CI] = 0.73 to 1.1) or African-Americans (OR =·1.0, 95% CI =
0.69 to 1.5). The results were similar with or without the APOE4 allele factored in the
analysis but results were contradictory in other studies (Bachman, Green, Benke,
Cupples, & Farrer, 2003). Surprisingly, prospective studies of dementia and AD have
shown that smokers without an APOE4 allele had a two to fourfold increased risk of
cognitive deterioration, while smokers who were APOE4 carriers had a decreased risk of
AD (Dufouil, Tzourio, Brayne, Berr, Amouyel, & Alperovitch, 2000; Merchant, Tang,
Albert, Manly, Stem, & Mayeux, 1999).
Other studies of cigarette smoking have described the ·nicotine from smoking as a
protective factor against AD. Evaluations of these studies asserting a protective benefit
used case-control s~ples and were complicated with issues of survival bias, where
smokers were more· likely to die of smoking-related disease before they developed AD
(Kukull & Ganguli, 2000). Overall, in these studies of nicotine, smoking was found to be
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associated with a decreased risk for decline over time in attention and visuospatial
functioning (Leibovici, Ritchie, Ledesert, & Touchon, 1999).

Head Trauma. Traumatic head injury is associated with an increased risk of AD
(Plassman, Havlik, Steffens, Helms, Newman,-et al., 2000; Tang, Maestri, & Tsai, 2000).
Research using multivariate analysis revealed that head trauma with loss of
consciousness is a~sociated with a two to three times increased incidence of AD
(Bachman et al., 2003; Guo, Cupples, Kurz, Auerbach, & Volicer, 2000).
The MIRAGE study demonstrated associations between head trauma and AD
risk, where head trauma increased the risk for AD in Caucasians (OR= 2.3, 95% CI = 1.8
to 3.0) and African Americans (OR= 2.9, 95% CI = 1.2 to 7.0) (Bachman et al., 2003).
Similar results were found with or without the APOE4 allele (O'Meara, Kukull,
Sheppard, Bowen, McCormick, Teri, et al., 1997). The mechanism by which trauma
increases the risk is unknown, but research demonstrated that A-beta deposition followed
closed head injury'in humans and rodents (Jellinger, Paulus, Wrocklage, & Litvan, 2001).
No clear relation b~tween head injury and genetic variants has been established in the
pathogenesis of AD.

Alcohol Consumption. Excessive use of alcohol has been known to cause
dementia, mainly tPt"ough associated nutritional deficiencies and acute toxicity from brain
metabolite abnormalities (Meyerhoff, Blumenfeld, Trutan, Lindgren, Flenniken,
Cardenas, et al., 2004). However, moderate alcohol intake may be protective. A French
study found that elderly individuals who drank moderate amounts ofwine daily(< 3
glasses) were less likely to develop AD (Orogozo et al., 1997). The MIRAGE study
found that moderate alcohol consumption (0.25 to 1.0 drink/day for women or 0.25 to 2.0
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drink/day for men) lowered the odds of AD by 18% in Caucasians (OR= 0.82, 95% CI =
0.68 to 0.99) and l2% in African Americans (OR= 0.88, 95% CI = 0.54 to 1.4)
(Bachman et al., 2003). A large Rotterdam study found light to moderate alcohol
consumption was associated with a reduced ri~k of dementia regardless of the source of
alcohol (Ruitenbe:rg, van Swieten, Witteman, Mehta, van Duijn, Hofinan et al., 2002).
'

Another longitudinal study of cognitive aging confirmed moderation in wine
consumption was

~ssociated

with a four-fold diminished risk of AD (OR= 0.26), but the

protective effect disappeared when the patient was institutionalized. The risk reduction
:

associated from alcohol may be related to the antioxidant properties or the effects on lipid
metabolism (Savaskan, Olivieri, Seifritz, Wirz-Justice & Muller-Spahn, 2001). In some
cases, wine cons~ption ha~ been associated with an increased risk of decline in
attention and secondary memory, over time (Leibovici et al., 1999).
The risks for AD were similar across subsets stratified by the presence or absence
of the APOE4 alle~e. However, a 50% decreased risk of cognitive deterioration was
associated with non-APOE4 carriers who reported drinking two or more glasses of
alcohol a day; the aecreased risk was not found in APOE4 carriers (Dufouil et al., 2000).

Education and Early Life Experience. Epidemiologic studies have consistently
found an association between lower education and higher prevalence of AD in population
surveys. The risk of AD among poorly educated individuals is significantly higher than
among well-educated persons (Stem et al., 1994). The belief is that as more years of
formal education are acquired, cognitive reserves develop, which may have a protective
effect. Whether overall educational achievement is a surrogate for other genetic or
environmental effects remains unknown (Mayeaux et al., 2003).
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The Nun Study identified lower performance on linguistic tests during the second
decade of life was; a predictor of subsequent cognitive impairment and AD during later
years (Snowdon, JFemper, Mortimer, Greiner, Wekstein & Marksbery, 1996). Those
people who had b~tter writing skills beginning in childhood had a lesser likelihood of
developing AD. ;
I

Research to examine links between childhood mental ability and dementia using
.

'

data from a 1932 survey of mental ability found lower than average childhood mental
ability scores werr also associated with the development of AD after age 65 (Whalley,
Starr, Athawes, Hunter, Pattie, Deary, et al., 2000). These studies imply that determinants
of disease are established early and might affect the ability to attain educational
achievement. The :quality and type of environment during childhood may also be an
important link bec:ause individuals from nurturing, supportive households and
connilunities had a lower risk of subsequent disease as adults (Hall, Gao, Unverzagt, &
Hendrie, 2000; M9ceri, Kukull, Emanuel, van Belle, & Larson, 2000).
Researche~s have demonstrated that education and environment may modulate the

. degree to which the neuropathology of AD is expressed and determined that individuals
with a higher level of education may not manifest AD disease symptoms· until much later
in the disease. Ho:Wever, there is no evidence that the level of education affects the actual
neuropathology within the brain (Koepsell, Kurland, Harel, Johnson, Zhou, & Kukull,
!

2008).

Behavioral and Cognitive Factors
Depression. Depression symptoms, commonly found in AD studies, suggest an
association between a history of depression and risk of AD and that depression may be a
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confounding factor in the diagnosis of AD (Forsell, Jorm, & Winblad, 1994; Rabbitt,
I

Donlan, Watson, Mcinnes, & Bent, 1995; Wilson, Barnes, Mendes de Leon, Aggarwahl,
Schneider, Bach,

~tal.,

2002). Though major depression is rare among patients with AD,

depressed mood i~ frequent (Weiner, Doody, Sairam, Foster, & Liao, 2002) and
persistently depressed mood increases in parallel with cognitive failure (Devanand,

Sano~

Tang, Taylor, Gu~land, et al., 1996). Retrospective case-control studies suggest that
I

depression is actu;ally a risk factor for AD, but studies are inconsistent on whether
depressive sympt?ms in elders may be associated with the risk of developing AD or if it
is a predictor of the disease (Berger, Fratiglioni, Forsell, Winblad, & Backman, 1999;
Chen, Ganguli, 1\tlulsant, & DeKosky 1999; Haynie, Berg, Johansson, Gatz, & Zarit, 2001;
'

-

Jorm et al., 1997;$chmand, Jonker, Geerlings, & Lindeboom, 1997).

Cognitive Decline. There is significant neuropathologic evidence to assert that
there is a long prodromal period in the AD process (Collie et al., 2001; Elias et al., 2000).
Retrospective studies of patients with probable AD have shown that subtle episodic
memory impairment can be detected as many as 20 years before diagnosis (Jacobs, Sano,
Dooneief, Marder,~ Bell, & Stem, 1995; Masur et al., 1994) This promising finding
suggests that careful assessment of memory in older people may provide the earliest
indication of AD. :However, not all patients with early memory impairment progress to
AD. Prospective studies indicate that only 50% of older people who have mild episodic
memory impairm~nt do develop clinically recognizable AD (Bowen et al., 1997;
Hanninen et al., 1995). When the APOE4 genotype was correlated with cognitive
performance in AD, possession of the APOE4 genotype was found td be a factor in
decreased cognition (Smith, Bohac, Waring, Kokmen, Tangalos, Ivnik, et al., 1998).

Clinical Phenotype of Alzheimer's Disease

41

Summary

There are \a significant number of environmental and lifestyle factors implicated
as risk modifiers for AD. The reasons for heterogeneity associated with the development
I

'

•

of AD are unkno~n and maybe a reflection of genetic heterogeneity and interaction with
'

numerous unknoiru environmental modifiers. A diverse number of epidemiologic studies
I

demonstrate pote~tial risk modifiers for AD and provide insight into factors that
influence the co111plex manifestations associated with disease progression.
Conclusion
The Family 28 kindred represents a family with a pedigree comprised of multiple
family members ~ffected with AD. PCR analysis has identified the APOE status on all
!

family members, ~ith 12 siblings in Generation IV genotyped as APOE4/4. Linkage
analysis and DNA micro arrays have identified a candidate gene of interest, the
TRPC4AP gene, which is especially important' in Generation IV in Family 28. Many
genetic studies have also identified significant linkage to familial AD, but the actual gene
causing LOAD remains unknown. Phenotype analysis may further contribute to
identification of dther unique candidate genes. The use of extended pedigrees provides an
invaluable tool to:, identify candidates for genome screen and offers a greater potential to
identify new gen~s, which may be involved in the pathogenesis of AD.
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CHAPTER III
METHODS
Alzheimer's disease develops as an age-dependent, insidious, and progressive
decline in global ;cognitive ability. Significant heterogeneity is associated with the disease,
as well as, consiqerable variability in its clinical course. The complexity and variability
of AD presents significant challenges to identifying particular phenotypes, which can be
I

classified into thiee
general categories cognitive, functional and behavioral. The
I
complexities of both the genetic and environmental factors may further interplay to
modify the course of AD. Therefore, medical history, life style factors, and associated
epidemiological ~sk modifiers are important for the overall assessment of the AD
l

affected memberr s phenotype.
I
i

A compr~hensive understanding of the phenotype in affected members of
Generation Iv in ~amily 28 is essential to adding to the body of knowledge associated
I

with the comple~ etiology of AD. If it is possible to describe the clinical phenotype in
I

narrower terms within Generation IV in Family 28, a unique family with five affected
family members, the characteristics may provide insight into the etiology of the disease.
I

Further, the phen~type of Generation IV in Family 28 may provide clues to identify
I

proteins or genes' linked to the genotype and could suggest strategies to delay or possibly
prevent AD in this family. Throughout the remainder of the research discussion whenever
the term Family ~8 is used the term will refer to Generation IV in Family 28 unless
I

otherwise stated. :Family 28 kindred will refer to the entire family.
Development of a comprehensive data-gathering questionnaire was fundamental
to determining e~sential variables associated with AD in Family 28. Interpretation of

Clinical Phenotype of Alzheimer's Disease

43

those variables b~gan with a descriptive analysis from family history interview data
gathered on the five AD affected siblings. Significant characteristics or manifestations
were identified ~d extracted froni the interviews that provided a description of the
I

phenotype and idbntified probable risk modiflers in this family.
Design
I

The purp9se of this research was to describe the clinical phenotype of AD as it
manifested in on~ generation of a large extended family, to identify risk modifiers and
determine their rJlationship to AD in Family 28. The design was a retrospective
exploratory stud~ that' used the family history case study to investigate the personal
history of cognitiye decline, determine behavioral manifestations, and identify the
i

medical, social, a~d environmental history of five affected family members in Family 28.
i

The study was approved by the Human Assurance Committee of the Medical College of
Georgia.
The family history method allowed for exploration and flexibility in gathering a
comprehensive c~llection of data associated with the clinical manifestations of AD and
possible risk vari~bles for AD. Research related to using standardized family history
!

techniques detennined the family history method to be reliable; especially when collected
I

•

from multiple in(ormants (Silverman, Breitner, Mohs, & Davis, 1986). Comparison of
I

informant respon~es from different family members on the age-at-onset for AD in the
proband showed~ high correlation (intraclass correlation coefficient= 0. 91,p < .0001)
and strong inter-informant agreement for distinguishing between the presence or absence
of dementia in th~ individual relatives. Research across several studies demonstrated little
disagreement am6ng informants in answering questions related to the family member and
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in distinguishing! among primary dementia, stroke, other central nervous system (CNS)
i

diseases and the

~bsence of symptoms (Debanne et al., 2001; Silverman et al. 1986).
!

i

Methodo~ogical
I

difficulties exist in the use of family studies but especially in the
,

investigation off;amily members with dementia (Silverman et al., 1986). The family
history method

r~lies on historical accounts from living informants without direct

.

I

.

examination of tne affected family member. Dementia is generally a late-onset condition
that shortens life span and there is a comparatively small ''window of opportunity" to
i

explore the history of the dementia in the family member. Affected family members are
.

I

unable to speak ~or themselves and some affected relatives may not be alive to include in
the study. Older
.

~iblings
and spouses likely to provide the most detailed information may
I
·,

also be deceased land unable to remember details.
I

A single Informant might suffice for a reliable family history but multiple
informants imprdve the accuracy and completeness of the data and add to the interrater
reliability, espeJally if the informants participate in the interview together (Silverman et

a!., 1986). Severll informants interviewed together can minimize discrepancies, resolve ·
I

differences and r~ach consensus during the interview process.
I
I

I

Studies of the reliability of informant responses confirmed that spouses provided
.

I
I

.

the most comple~e information about health behaviors with almost perfect agreement on
I

health history ancl medication use. Siblings, particularly sisters, provided the most
I

I
I

I

detailed infonnat~on when questioned about an event that occurred in early life (Demissie

l
et al., 2001). The[ research on Family 28 included interviews with spouses, siblings,
children, and oth~r extended family of each affected family member as informants.
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Identification of Family28 Kindred
Family 28! kindred was identified through the Alzheimer's Disease DNA Bank
(DNA Bank). Th~ DNA Bank includes DNA samples from multiple Alzheimer's disease
.

I
I

.

.

:

affected families. 'The DNA Bank includes DNA samples from affected patients and
i
i

spouses, the patiept's brothers and sisters and their spouses, any children and their
spouses, grandchi!ldren, and the parents or parent's siblings if alive. DNA samples
I

included in the D~A Bank were collected from patients and their family members who
live in Georgia arid Texas. Detailed pedigree information was collected for each family,
i

which provided e~sential information to the study of the complex AD families.
i

Information about the family member was important even though DNA may not be
available from ev~ry member of the family.
I

i

Information collected from families enrolled in the DNA Bank was entered into
i

the Cyrillic 2.1 ditabase.
Cyrillic 2.1 displayed the most
useful information about a
I
.
!

pedigree, stored genetic marker data, disease information and relevant genetic and
'

phenotype inforn.jation about the family pedigree and displayed the pedigree data
!

I

graphically and/orI in table form for evaluation and interpretation (Chapman,
1997).
•
!

I

The DNAiBank used Paradox 7 to enter, store, and maintain demographic
information on alt family members enrolled. Paradox 7 allowed specific family
information to_be;retrieved, sorted, and reports printed (Anderson, Barkin, & Johnson,
I

1996). Paradox 7 \permitted the researcher to query and retrieve-information from one or
more available d~ta tables. The database included assigned identification codes, names,
addresses, telephbne numbers of the family, and additional demographic data such as sex,
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date of birth, and !significant other information. Queries related to specific information
I

about the disease /history and disease presentation were easily retrieved from the database.
i

Description of Family 28 Kindred.

·I

The Family 28 kindred represents a large extended family who settled in a narrow
I

geographic area 1fGeorgia. The pedigree (Figure 2) obtained from the Cyrillic 2.1
database displays] a graphic representation of the pedigree collected on Family 28 kindred.
Eight family me~bers within.the pedigree are affected with AD.
I!

VI

.I

I

Figure 2. Familyl28 Kindred Pedigree.
I

i

Figure 2, f'amily 28 Kindred Pedigree, illustrates Generation IV of the Family 28
'

kindred, which i:ricludes the Proband's generation of 15 siblings. Alzheimer's disease was
I
l

initially identifie~ in Generation III of the Family 28 kindred.
I
I
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I
I

i

The prob~nd was identified and referred to as Proband throughout this research.
i

Proband presente~ as the original family member in the collection of DNA samples for
I

the DNA Bank. ~edigree information on seven generations was available. Generation III
I

,,

included the prob:and's parent's generation. Two of the proband's father's nine siblings
I
I

were affected with AD, a paternal aunt and a paternal uncle. The proband's father was the
I

youngest of the nine siblings and died at an early age (age 58) from colon cancer. The
I

average age-of-onset for AD in the father's generation of family members is 87.7 years
I

(range 85-92

yea~s) (Generation III). DNA samples are available on both of the affected
I

-

siblings in the father's generation. The APOE status of the proband's affected uncle was

I

APOE3/3. The APOE status of the proband's affected aunt was APOE3/4.
I

.

.

,

1

I

The prob~nd's mother, Generation III; was the oldest of four children and died at
i

age 78 years. At the time of her death from a stroke, she manifested symptoms of
I

.

dementia. The mkdical diagnoses for the proband's mother included "hardening of the
I

arteries", hypert+sion, diabetes mellitus, and "organic brain syndrome". None of her
other three

siblin~s had a history of AD symptoms. A maternal aunt of the proband,
I

Generation III, remained cognitively intact and did not manifest memory difficulties prior
to her death froj stroke at age 92. DNA was available from the proband's maternal aunt
I

.

who had the AP<DE3/4
genotype.
I
I

Intervie~s and inquiry for this research related to determining the phenotype
!

focused on the

12 surviving siblings of the proband in Generation IV. The total progeny
!

of the proband's [father (P) and mother (P1) included 15 siblings (6 males, 9 females).
!
I

Three of the pro~and's siblings died at an early age. A male child died at 11 months of
I

unknown causes~ a female child was stillborn, and another male died at age 21 in an
.

I

I

i

r
I
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automobile accid~nt. The remaining 12 siblings continued to live in a narrow geographic
area and maintaJed continued close family ties.

Emphasis to identify a common phenotype focused on the 12 siblings in a single
generation, Generation IV, which includes 5 siblings affected with late-onset AD. The
average age-of-olset for AD in proband's generation is 69.2 years (range 66-72 years).
Seven siblings

di~ not have AD at the time of the study (ages range 58-71 years). DNA

samples are availlble from all12 of the living siblings. All12 siblings in proband's
generation ofF lily 28 demonstrate the genotype APOE 4/4. Although medical records
and data were avLlable on all seven affected family members from two generations,
I

phenotype exploJation was narrowed to focus on only a single generation who all share a
common geno,e for APOE4/4. Because the two paternal siblings in the previous

generation, Gene[ation III, were APOE3/4 and APOE3/3 genotypes, the paternal siblings
were excluded in an attempt to obtain maximum homogeneity. A focus on a single
homozygous geniation had a greater likelihood to identify a common phenotype.

DNA samples are available from spouses who serve as controls and from
unaffected chilJr and grandchildren. Family 28 kindred had sixty-nine DNA samples

available for study, which included the spouse controls.
Structured Interview Questionnaire Development
Collection of family history data is most reliable when standardized techniques

I

are applied. Family history data collection was designed to obtain comprehensive content
about the family with interviews that facilitated and stimulated complete, honest
·responses to

hist~rical data. A structured format attempted to ensure consistency and

reliability of datl but also allowed the researcher flexibility to explore and identify

I

.

.

.
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additional variables when indicated (Gubrium & Holstein, 2001). In most cases, medical
records corroborlted data collected through the interviews when the medical history was
available. MediJl records were available on all five affected siblings, although the

I

.,

.

records were incomplete.
I

In order t~ insure consistency and comprehensiveness in collecting the family

history, the reseJcher developed the Personal History Questionnaire (PHQ) to maximize
data collection r,quired to identify the phenotype characteristics and risk modifiers of AD.

A complete literature review identified significant cognitive, behavioral, functional,
medical and epidbologic variables associated with AD, which were developed into the
I

conceptual model. The PHQ development and design focused on developing a
comprehensive Jata gathering tool that used the conceptual model as a guide to identify
the presence of

s~ecific variables in family members (Figure 1, Factors Influencing

Alzheimer's Dislase Phenotype). The PHQ interview questions were categorized into
components of jemory/Ianguage inventory, neuropsychiatric behavioral symptoms, and
medical, social, Ld environmental variables.
· A compJative review of validated questionnaires from several longitudinal

studies provided the framework for content in question development. Although multiple
questionnaires wlere evaluated, the analysis of the types of questions from each of several

research study questionnaires revealed comparable types and categories of questions.
Common questijn categories included age-of-onset, demographic variables,

.

memory/cognitit variables, and functionallbehavioral manifestations. Epidemiologic

.
· c0nta1ne
I · d common soc1a
· 1, env1ronmenta
·
1, med.1ca1 andb.101og1c
· questions
·
questionnaires
associated with

ln

risk modifiers.

·

.
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The questionnaires evaluated included:
1. The cLadian Study ofHealth and Aging Risk Factor Questionnaire, (2002,

retrieved Februt 21, 2006, from http://www .csha.ca/r_risk_factor_questionnaire.asp);

2. The Cognitive and Emotional Health Project: The healthy brain (CEHP), (2006,
retrieved

Febru~ 22, 2006, from http://trans.nih.gov/CHEPIHBPes.htm);

3. The clmprehensive Geriatric Assessment (2001, retrieved Feb 24,2006, from
I

.

.

.

http://meded. ucsO/edu/cga/Introduction/Elements.html);
4. The

J:IA (National Institute on Aging) AD Genetics Initiative: The Multiplex
I

.

Family Study qubstionnaire (2005, retrieved Feb 24, 2006, from

I. .. .

)

.
.
; and
http: //ntagenetlcstnttlatlve.org

5. The Julti-Institutional Research in Alzheimer's Genetic Epidemiology
(MIRAGE)

P~sfnal History Questionnaire (R. C. Green, personal communication,

·February 26, 20@6). Permission was obtained from Dr. Robert Green to use questions
I

from the MIRA<GE Personal History Questionnaire for this research.
Each oftlese research studies had established, documented reliability of the
respective rese,ch questionnaires (Yip, Green, Huyck, Cupples, & Farrer, 2005; Green,

Cupples, Kurz, Auerbach, Go, Sadovnick et al., 2003). A summary of the focus of each
questionnaire e1aluated and the variables included within the content for each
questionnaire arr outlined in Table 2, Questionnaires Evaluated to Develop Personal

History Questionnaire (PHQ).
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·Table 2.

Questionnaires ivaluated to Develop Personal History Questionnaire (PHQ)
Questionnaire I
Canadian Study of Health
and Aging Risk Factor
Questionnaire

Cognitive and Emotional
I
Health Project: The
I
healthy brain (OEHP)
.

I

Comprehensive Geriatric
Assessment

The Multiplex ~amily
Study questionnaire
I

The Multi-Institutional
I
Research in Alzheimer's
I
Genetic Epidemiology
(MIRAGE)

Questionnaire Focus
Two groupsInformation collected from
informants on dementia
individuals;
Information collected from
cognitively normal
individuals
Research investigators
polled to establish a
longitudinal,
epidemiological database of
variables in healthy aging
Multidimensional
assessments for geriatric
dementia screening

National Cell Repository
for Alzheimer's disease
(NCRAD)
Longitudinal,
epidemiological studies
follow memory and the
aging process from "normal
aging" from the earliest
signs of dementia.

Variables Assessed
Demographics, Residential
History, Occupational
History, Hobbies,
Occupational exposure,
Family Structure, Health
History, Chronic diseases,
Medications, Lifestyle
Cognitive Health;
Emotional Health,
Demographic variables,
Social variables
Medical Assessment,
Functional Assessment,
Psychological Assessment,
Social Assessment,
Environmental Assessment
Family History, Medical
History
:Oemographics, Ethnicity, ,
Family History, Medical
History, Mental Health
History, Medications, Head
Injury, Environmental
(Smoking Alcohol,
Tob_acco, Physical Activity,
Hobbies, Diet)

The format and questions identified on the PHQ were a composite of multiple
questionnaires or1anized into separate sections beginning with demographic data.
Questionnaire sedtions were grouped as follows:

1. Demobaphic data
2. Mem,ry/Language Inventory
3. Neuropsychiatric Inventory

I
I

I

.
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4. Medical Health History
5. Mental Health History
6. Lifestyle Factors

Demographic Data
Demographic data included the identification of the individual who provided the
interview, for example a family member, the individual themselves, or a spouse, the date
and place of the interview, the patient's name, interviewee's name, address and telephone
number were recorded, as well as, the date, place of birth and marital status.
Demographic data also included a question related to the educational level ofboth the
informant family member and the affected family member (Table 3, Education Data).
Table 3

Education Data
Education
What was the last grade or year of school you completed?
_ _ _ _ Less than 7th grade
_ _ _ _ > ih grade but did not graduate from high school
_ _ _ _ High school graduate
_____ > High school but did not graduate with a college degree
_ _ _ _ College degree
_ _ _ _ Graduate degree or Professional degree ·
- - - - Don't know

Memory/Language Inventory
The Mini-Mental State Examination (MMSE) (Folstein, Folstein, & McHugh,
1975) assisted to identify questions related to cognitive variables in the
Memory/Language Inventory section. The Functional Activities Questionnaire (FAQ)
(Pfeffer, Kurosaki, Harrah, Chance, & Filos, 1992), the Informant Questionnaire on
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Cognitive Decline in the Elderly (IQCODE) (Jorm & Jacomb, 1989), and the
In~trumental

Activities of Daily Living (IADL) (Lawton & Brady, 1969) were evaluated

and used to determine functional status.
The Memory/Language inventory explored the history of memory difficulties and
cognitive changes over time. Table 4, Sample Memory/Language Inventory Question
from the Personal History Questionnaire (PHQ) addresses the type of questions asked of
informants. Questions on the PHQ were similar to the MMSE but informants such as
siblings, children and grandchildren were asked to answer the question about the affected
family member rather than the affected family member. The MMSE has a wide range of
predictive values as a positive test' and has a sensitivity for dementia that ranged from
71% to 92%, and a specificity range from 56% to 96% (Boustani, Peterson, Hanson,
Harris, & Lohr, 2003; McDowell, Kristjansson, Hill, & Hebert, 1997).
Table 4

Sample Memory/Language Inventory Questions from the Personal History
Questionnaire (PHQ)
Sample Questions
At what age do you believe the patient first had any signs
of memory problems?
Does the patient have difficulty getting lost and not
Orientation
remember where he or she was?
Does the patient have difficulty with small sums of money
Attention/Calculation
or counting money?
Registration/Understanding Does the patient understand everything that is said as
usual or does he or she ask for you to repeat things?
Language/Naming/Talking Does the patient seem less talkative and have trouble with
words and names?
Does the patient read the newspaper regularly?
Language/Reading
Does the patient have difficulty signing his/her name
Language/Writing
(signature)?

Memory Characteristic
Age of onset
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The Memory/Language inventory focused on identification of the affected family
member's difficulty with language, comprehension, ability to follow commands, naming
objects, word recognition, visual spatial construction, and assessment of ideational praxis
(planning a sequence of coordinated movements).
Motor disorders, parkinsonism, and extrapyramidal motor symptoms, seizures and
focal myoclonus may be present in AD (Schroter, Mergl, Burger, Hampel, Moller, &
HegerJ, 2003). Questions on the PHQ to determine motor disorders manifested in Family
28 included, "Does the patient have difficulty getting out of the chair?", "Does the patient
walk with his/her feet shuffling along?", and "Does the patient have tremors or any other
abnormal movements?".
Functional impairment, secondary to the cognitive decline represents an important
facet of AD that interferes with activities of daily living, social and occupational
functions. Descriptors of functional impairment and the progression of functional
impairment was determined as part of the AD phenotype questionnaire. The Functional
Activities Questionnaire (FAQ), the Informant Questionnaire on Cognitive Decline in the
Elderly (IQCODE), and the Instrumental Activities of Daily Living (IADL)
Questionnaire (Boustani et al., 2003; Lawton et al., 1969) were reviewed to identify
appropriate questions that would assess the functional level. The F AQ reported sensitivity
and specificity of90% (Pfeffer et al. 1992). Internal consistency of the IQCODE was
· 0.93 and the validity measured against the MMSE showed a correlation of0.78 (Jorm et
al., 1989). The IADL had established validity with an inter-rater reliability between 0.87
and 0.91.
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The level of functional impairment in the affected family member was explored
and narrowed to a single question, "Does the patient need help with self-care such as
eating, dressing, bathing, toileting and personal appearance?". Rationale for the use of a
single question was because many of the functional impairment difficulties were manifested in
answers to questions about cognitive and neuropsychological behaviors.
Neuropsychiatric Inventory.
Commonly found in AD are non-cognitive features consisting of psychiatric
symptoms and behavioral disturbances. Identification of the presence of specific
psychiatric and behavioral manifestations represents a significant part of the phenotype in
many AD patients. BEHAVE-AD (Reisberg, Borenstein, Salob, Ferris, Franssen &
Georgotas, 1987) and the Neuropsychiatric Inventory (NPI) (Cummings, Mega,
Rosenberg-Thompson, Carusi, & Gorbein, 1994) provided the model for a composite
collection of Neuropsychiatric Inventory questions on the PHQ in order to identify the
behavioral phenotype in the affected family members.
The BEHAVE-AD assessment scale includes questions about paranoid and
delusional ideations; visual, auditory, olfactory and haptic (touch) hallucinations;
wandering; inappropriate, purposeless, and repetitive activities; verbal and physical
aggressiveness; and changes in diurnal rhythm. In addition, the BEHAVE-AD explored
for affective disturbances, appetite changes, physical complaints, and anxieties/phobias.
Reliability ratings ranged between 82-100% (Patterson, Schnell, Martin, Mendez, Smyth,
& Whitehouse, 1990).
The NPI assesses ten behavioral disturbances: delusions, hallucinations, dysphoria,
anxiety, agitation/depression, euphoria, disinhibition, irritability/lability, apathy, and
aberrant motor behavior. Similar questions from the NPI formed the foundation for the
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Neuropsychiatric Inventory of the PHQ. The behavioral characteristics identified for this
research included assessment categories identified in Table 5, Behavioral Characteristics
Explored in the Personal History Questionnaire (PHQ).
Table 5
Behavioral Characteristics Explored in the Personal History Questionnaire (PHQ)

Neuropsychiatric Inventory Assessment Categories
Disinhibition
Delusions
Irritability/Lability
Hallucinations
Judgment/Insight
Agitation/Aggression
Motor Disturbances
Depression/Dysphoria
Nighttime Behavior
Anxiety
Appetite/Eating
Elation/Euphoria
Apathy/ Indifference
Medical Health History

The Medical Health History on the PHQ inquired about the date of onset and
specific medical diagnoses and medical history categories. Questions concerning medical
assessment included the following categories:
1. Inflammatory disease health history identified a history of osteoarthritis,
rheumatoid arthritis, and other inflammatory diseases.
2. Cardiovascular health history identified the presence of a heart attack,
congestive heart failure, irregular or abnormal heart beat, other heart
conditions, elevated cholesterol, and/or elevated blood pressure.
3. Neurological health history identified the presence of stroke/mini-stroke,
transient ischemic attacks (TIA), Parkinson's disease, tremors, epilepsy,
migraines, and/or other neurological symptoms.
4. Other medical health problems identified were the presence of cancer, blood
diseases, diabetes mellitus, kidney disease, thyroid disease, Vitamin B12
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deficiency, learning disabilities, and/or any other medical conditions
previously not identified.
The PHQ medical history inquired from the informant or through self-reports
(when non-affected family members were interviewed) the family member's present
health rating, (i.e. excellent, good, fair, or poor), current knowledge of cholesterol and
blood glucose levels, and knowledge of the current blood pressure, height, and weight.
Specifically, the family member was asked if the family member's weight was normal for
their height or if the family member was overweight. Although the questions were
subjective, most answers were verified through medical records and were confirmed as
accurate. During the interview process, questions regarding timeframes for specific
events were elicited from the informant and identified. The timeframes included; the
present time, age 30 and younger, between the ages of 31 and 60, and after age 61 (Table
6, Timeframes Included in Exploring the Occurrence of an Event). The inquiry about
cholesterol levels, glucose levels, blood pressure, and weight was asked over timeframes
but varied minimally across the timeframes. Because there was little variation across
timeframes, the question was still asked but was only coded as present if the variable was
identified during any of the timeframes.
Table 6.
Timeframes Included in Exploring the Occurrence ofan Event

Example of the Timeframe of the Event
What is your present cholesterol?
What was your cholesterol during the ages of 30 and younger?
What was your cholesterol during the ages between 31 and 60?
What was your cholesterol after the age of 60?
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A list of prescription and non-prescription medications allowed the researcher to
evaluate not only the types of medications but also provided a resource to cross-reference
the reported data with reported medical history. Prescription medication queries included
questions on cholesterol medications, blood pressure medications, diabetic medications,
medications taken for memory difficulties, anti-inflammatory medications, and any other
medications. Table 7, Prescription History from Personal History Questionnaire (PHQ),
identifies questions related to the prescription history.
Table 7
Prescription History from the Personal History-Questionnaire (PHQ)

Names of prescription medications taken on
daily basis

How long have you taken the medication?
Dates started
How frequently do
you take the
medication (on
average)?

Cholesterol lowering medication
Lopid, Lipitor, Mevacor, Pravachol,
Zocor, etc.,
Blood pressure medication
Atenolol, Cardizem, Vasotec, etc
Diabetic medication
Medications for memory problems
Aricept, Exelon, Reminyl, Namenda
Anti-inflammatory medications
Advil, Ibuprofen, Motrin, Nuprin, Aleve,
N aprosyn, Indocin, F eldene .
Others

Queries of non-prescription medications included questions on use of vitamins,
minerals, and herbs. The list included analgesics (Aspirin, Tylenol, Motrin, others),
alternative medications (e.g. ginko biloba, Vitamin E, Vitamin C, {3 carotene, fish oil,
multivitamins), antacids and other over-the-counter preparations. The inclusion of the
specific non-prescription therapies identified those preparations implicated throughout
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the literature as potential risk modifiers associated with AD. However, many of the nonprescription preparations are controversial as to their potential protective effect as risk
modifiers.
Head injury may be a confounding risk modifier in the development of AD; thus
the informant was queried, "Has the individual ever had a head injury, loss of
consciousness, or been hospitalized for a head injury?" If relevant, the age at which the
head injury occurred was determined.
Mental Health History

The mental health history focused on the history of depression and/or psychiatric
conditions and if treatment was involved. Specific questions included~ "Has a medical
doctor ever told you that you suffered from depression?", "Do you see a physician
regularly for any mental health problem?" Questions were asked whether the individual
was unable to perform social and occupational functions normally because of depression
or a mental health problem and if the individual received hospitalization, counseling, or
medication for depression or mental health problems. Timeframes were also asked during
the questioning (the present time, at age 30 and younger, between ages 31 and 60, and
after age 61) but were only coded if a mental health problem was present.
Lifestyle Factors

Lifestyle factor questions were similar to questions from the MIRAGE PHQ. All
lifestyle questions were elicited within timeframes (the present time, at age 30 and
younger, between ages 31 and 60, and after age 61). However, there was little variation in
timeframes and thus answers were coded as a single answer. Sample questions include:
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Smoking History- On average how much did you smoke daily when
you were age 30 and younger? What type of tobacco did you use, i.e.
cigarettes, pipe, cigars, chew?

2.

Alcohol History- What is the average number of drinks you consumed
when you were between the ages of 31 and 60? How much would you
estimate you consumed, i.e. bottles of beer (12 oz); glasses of wine (5
oz); or mixed drinks or shots of liquor (1.5 oz)?

3.

Occupation- What was you occupation between the ages of 31-60?

4.

Physical Activity- Did you participate in strenuous physical activity (>
. twice a week) between the ages of 31 and 60?

5.

Hobbies/mental and Leisure Activities- Did you do any special
activities, such as reading, crossword-puzzles, or building things
between the ages of 31 and 60?

6.

Dietary History- On average, from the age of 61 and older, would you
consider your diet healthy, high in fat, or high in sugar?

Dissertation committee members reviewed the PHQ to determine face validity,
comprehensiveness, best flow, sequence, and wording of questions as the 4ata collection
instrument before the questionnaire was submitted for Human Assurance Committee
. approval at the Medical College of Georgia.
Procedure

Interviews
The youngest sibling, ZZ, was the point of contact to begin the interviews.
Telephone contact wa~ initiated and the initial interview was scheduled with the three
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youngest siblings, WW, XX, and ZZ. The research protocol expectations and rationale
were explained to the siblings who agreed to participate in the research. Informed consent
was obtained in writing and in full accordance with Institutional Review Board (IRB)
guidelines. During the initial interview with each participating family member, the family
member signed a written consent to participate in the research and consented to be
interviewed. Because family members were present at multiple interviews, at subsequent
interviews the researcher obtained verbal consent to participate at each successive
interview. All consent forms were approved by the Human Assurance Committee IRB.
After obtaining consent to participate in the research, a separate written consent in
accordance with the Health Insurance Portability and Accountability Act (HIPAA)
Privacy Rule was obtained to administer the Mini-Mental Status Examination (MMSE).
HIPAA regulates the use and disclosure of personal health information, which includes
any information that may be linked to health status. The results of the MMSE were
disclosed to the individual at the time of the assessment. No individual was charged a fee
for administering the MMSE. A copy of the results was provided to the tested individual,
who was instructed to provide a copy of the results to their personal physician, if they
desired.
The MMSE administration served only as a screening tool for unaffected siblings
and established a screening baseline. The MMSE did not assign an unaffected status.
MMSE score results for all informants ranged from 28 to 30 of a possible 30 points. The
MMSE accuracy for predictive value depends upon age, education, and ethnicity of the
individual and is mo&t accurate for Caucasians with at least a high school education,
which defines the charactetjstics of family members in Family 28 kindred.

Clinical Phenotype of Alzheimer's Disease

62

Interviews using the PHQ provided the major means to systematically identify the
clinical phenotype in Family 28. In-depth family history of cognitive, behavioral, and
environmental events related to each affected family member was explored in detail. A
\

tape recorder was not used because the researcher felt that a recorder would inhibit
conversation. Copious notes were taken during and after the interview process.
The family group interview emerged and remained as a valuable method to collect
the data on the affected family members in Family 28. One-on-one interviews were
conducted with the unaffected family members. Since much of the medical history was of
a personal nature, unaffected siblings were interviewed privately and were allowed to
self-report on their personal, medical, and environmental history. All the unaffected
siblings were very forth-coming in providing information of a personal nature.
The family history method permits obtaining a historical account of affected
family members without direct examination of those affected with AD. AD affected
family members within Family 28 were unable to speak for themselves at the time of the
interview because they had significant cognitive decline. Affected family members could
not orient to person, place or time and conversations were unintelligible. Two of the
affected fa.rllily members in Family 28 were mute. Thus, all information on affected
family members was obtained from spouses, children, siblings or other extended family
with the Family 28 kindred.
Multiple separate interviews were conducted with each interview discussion
focused on a single affected family member. All seven unaffected siblings participated in
multiple discussions and each had an opportunity to relate personal stories and provide
information about each brother/sister. A majority of the siblings participated in several
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interview discussions, because each sibling wanted to tell their stories about their brother
or sister. All of the sisters in Family 28 were present at every one of the sibling's
interviews, except those interviews oriented to the children of the affected family
member. Siblings tended to reminisce and provide detailed information of the earlier
years, but they also spoke freely about the progression of the disease.
Prior to conducting the interview family members identified the specific affected
sibling who would be the focus of the interview discussion, selected t~e participants to be
present at the interview, and identified the location of the interview. Of interest is that
family members tended to group together based on the relationship to the affected family
member who was the focus ofthe interview. Siblings.ofaffected family members
scheduled interviews separately from the children of the affected family member.
At interviews that included the children of affected family members, the children
of the affected family member preferred to have all their siblings present for the majority
of the interviews. At several interviews, older grandchildren eagerly joined with their
parents to share memories of their grandparent. Interviews conducted with children and
grandchildren of the affected family members tended to be more emotional, as they
related stories expressing the loss of the parent/grandparent they remembered. The
affected member's children often related stories of their parent before AD and
remembered the special times growing up. However, the children of affected family
members also included stories related to the frustrations and struggles associated with
day-to-day caregiving for their parent.
Focus on only one affected family member at each interview prevented the
possibility of fragmentation of the information collected and permitted interview data to
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be consolidated easier. The self-grouping of families seemed to allow for reminisces that
encouraged and reconnected the families. Stories of the daily frustrations encouraged
family members to support each other, which was evident throughout the interviews.
Setting

A majority of the interviews conducted were in a comfortable informal setting at
the individual home of one of the siblings and/or children. Three interviews were
conducted in the backroom of a restaurant, which was reserved to provide privacy and an
unhurried environment. Additional interviews with several family members were
conducted at· the family reunion when family members requested they each be given an
opportunity to offer comments and memories.
Interviews, on average, lasted over two and one-half hours with no clear
indication that the family wanted the interview to stop. Although interviews were semistructured and followed the PHQ for content, spontaneous conversation flowed. Natural,
unstructured conversation was encouraged, with questions from the PHQ stimulating and
encouraging reminiscence. Spouses, siblings, children, grandchildren, and cousins
·chronicled accounts that each believed were irp.portant to knowing their family member.
Participants were enthusiastic and engaged in animated conversations with family
members often competing to offer stories and comments. Many interviews were energetic,
spirited discussions in which the researcher encouraged the family to recount events
related to the disease, its impact and the progression of the disease in the family. On
several occasions, photographs and special objects in the family home were offered as the
family member remembered life events.
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Because a majority of the data was retrospective, use of multiple informants at
each interview minimized informant error due to faulty memory. During the interview
process, occasional memory inconsistencies, especially concerning dates, tended to selfcorrect and resolve as family related other events relevant to the discussion. Family
members eventually reached consensus on any discrepancy.
Inclusion of a variety of different family members improved accuracy and
completeness of data. Importantly, the informal group family interview style nearly
eliminated incomplete data. When the researcher contrasted data collected from the
interviews with medical records, the data from interviews demonstrated a high degree of
reliability. If a variation in the data was identified, the difference was within a narrow
window of error and was closely matched such that the differences did not impact coding
of the variables.
Telephone interviews to clarify information collected during the interview and
complete missing data were infrequent. However, family members occasionally
telephoned to report on the changes in status of a family member. An occasional
telephone call to the families provided reassurance of caring and support to family
members who were always eager to talk about the family.

Medical Record Review
Authorized representatives of affected family members consented to the release of
medical records for all affected family members. Medical records corroborated the data,
but the review of medical records was time-consuming and the records were sometimes
difficult to obtain. In general, older medical records were of limited use in the evaluation
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of dementia because early clinicians often failed to recognize or diagnose dementia as a
clinical condition and rather ascribed it to undocumented arteriosclerosis or "senility".
Extensive examination and review of the medical records of the five affected
family members confirmed the diagnosis of probable AD, according to the National
Institute ofNeurological and Communicative Disease and Stroke/Alzheimer's Disease
and Related Disorders Association (NINCDS-ADRDA) criteria (McKhann et al., 1984).
In addition, either computerized tomography scans (CT) or magnetic resonance imaging
scans (MRI) of affected members demonstrated evidence of brain atrophy.
Although medical records were available on all of the affected siblings in Family
28, identification of the clinical phenotype from the medical record proved difficult,
unreliable and problematic. Most of the medical records contained insufficient
information related to the diagnosis, history and course of the disease. Identification of
early signs and symptoms and clinical manifestations of AD were not available in several
records. The incomplete medical records, a minimal diagnostic certainty of AD by
physicians, and a general absence of cognitive or neuropsychiatric documentation were
evident in all the medical records.
Two family members had minimal physician evaluations of cogri.itive assessment
and no documentation of MMSE scores in their medical records. Those records
diagnosed AD based on clinical observation and/or evidence from either MRI or CT
scans. The affected family member record minimally supported the diagnosis of probable

AD.
Three sibling's records revealed detailed neurological assessments of AD that was
documented by a neurologist. However, those medical records revealed only a picture of
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AD in that affected family member at one point in time. The medical record provided
little follow-up documentation related to the progression of the disease.
Although medical records were less valuable to identify the clinical
manifestations to determine a phenotype for AD, they were invaluable to confirm the
general medical history of the family members as related to stroke, hypertension, diabetes,
kidney disease, elevated cholesterol, B12 deficiencies, and thyroid deficiencies. Records
also provided evidence for medications prescribed, hospitalizations, and surgical
interventions. During the interviews, family members associated a specific
hospitalization as a landmark to assign a timeframe for changes in behavior related to
progression of the disease for the affected family member. Medical record summaries of
hospitalizations provided a method to cross-reference timelines of disease progression
and further assisted in determining the reliability of family interview data.
Identification of Variables
The multiple interviews provided a substantial quantity of historical and clinical
information on each of the five affected family members, which was later transcribed and
compiled. The interview content, comments, and stories were written into a narrative
description of each affected family member. Personal information was modified in order
to protect the identity of the family members. Appendix C (Personal Histories of
·Alzheimer's Disease Affected Family Members) provides a summarized narrative history
and specific clinical-manifestations for each affected family member. Appendix C also
describes some of the unique stories about each family member.
, The written descriptions of the personal histories were written with headings
grouped according to sub-titles that followed the Personal History Questionnaire (PHQ)
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permitted easier identification and categorization of

variables for analysis.
Initially, the researcher identified a very large, comprehensive list of variables.
This extensive list of variables were labeled separately, and recorded into an Excel
spreadsheet. The initial number of variables identified was disproportionately large and
required repeated refining to prioritize and limit the number of variables to those most
significant to AD in this family. The conceptual model, Figure 1, Factors Influencing
Alzheimer's Disease Phenotype, guided the process of identifying relevant variables for
inclusion in the statistical analysis. The variables were grouped into three categories:
memory inventory characteristics, neuropsychiatric behavior manifestations, and
environmentaVmedical risk modifiers.
The original interviews and written narrative summaries of the interviews from
each affected sibling were then researched to identify if the characteristic for the variable
was present in the affected family member. Phenotype variables observed in affected
family members were assigned a categorical value (e.g., 1 =the subject has the
phenotype; 0 =the subject does not have the phenotype; 2 =unknown). In this study,
none of the variables were coded as unknown for the affected siblings.
Unaffected siblings were coded as unknown for the AD phenotype characteristics
on memory inventory and the neuropsychiatric variables. The nature of LOAD is such
that there remains a possibility that unaffected family members may develop AD at some
point in the future. In view of some of the genetic findings that appears to be a possibility
with Family 28 unaffected family members. There is no certainty of not developing AD.
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Twenty predictor variables among the medical/environmental characteristics were
identified as possible risk factors. Predictor variables were coded as present or absent, as
appropriate, for both the affected siblings and for each of the unaffected siblings.
Statistical Analysis
Statistical analysis was performed using SAS/STAT® Software. SAS is an
integrated statistical package that allowed statistical analyses; e.g. descriptive statistics,
multivariate techniques and time series analysis. Statistical analyses included Fisher's
exact test to assess for similarities/differences and the significance of variables, as well as,
logistic regression to identify predictors of Alzheimer's disease for the phenotype. The
rationale for coding of each variable are included in the operational definitions described
in Appendix B (Appendix B. Operational Definitions and Rationale for Data Codes of
Variables).
Fisher's exact test is a statistical significance test used in the analysis of
categorical data where sample sizes are small and based on exact probabilities from a
specific distribution. However, the Fischer's exact test is more likely to produce an
analysis that results in a Type I error, which exists when a test incorrectly reports that it
has found a positive result where none exists (Rosner, 2000). Since this research is
exploratory in nature, the preference is that tile researcher would rather discover a
positive result when none exists rather than miss a potential variable that is important to
the research. Thus, the researcher is less concerned with Type II errors and would prefer
to identify variables, which could be explored further to determine if the variable is
representative for this research. With multiple variables and Family 28's small sample
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size, the Fisher's exact test was believed to provide a level of confidence in the data
analysis.
Because family kindred studies frequently must use small numbers in the analysis,
the Fisher's exact test permits what might seem a trivial difference to still be described as
significant. With small sample sizes, the researcher cannot assume that the distribution of
the sample is normal or that the observed value was not obtained by chance. The Fisher's
exact test examities the significance of the association and is the appropriate method
when an expected value in any of the cells of the table are small or when the data are
unequally distributed among the cells of the table. The sampling distribution of the test
statistic that is calculated is only approximately equal to the theoretical chi-squared
distribution.
A series of analysis using the Fisher's exact test identified the frequencies of
environmental factors between AD affected family members and unaffected family
members. Family members with the disease were coded with a (1) for presence of the
disease while siblings without the disease were coded as (2) unknown. AD is a late-onset
disease and there is a possibility the sibling might develop the disease later, thus a
separate identification was assigned.
The Family 28 sample was divided into two groups; siblings affected with AD
and siblings presently unaffected with AD. The two groups were analyzed against
environmental variables to identify if any of the variables were significant among those
with AD compared with those 1\'ho do not have AD. Statistically the goal was to test
whether any observed differences were significant.
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Genetic Analysis
The DNA Bank, established by Dr. Shirley E. Poduslo, includes DNA
information, pedigree history, and data on extended families affected with AD~ DNA
information was obtained from blood collected from affected family members, spouses
and other family willing to participate. The genomic DNA used in the lab was extracted
from the whole blood by a proteinase K, phenol/chloroform procedure. The primary
methods used to identify the genetic variants were the polymerase chain reaction (PCR)
and sequencing. PCR allowed specific DNA sequences from samples of the genomic
DNA containing thousands of genes to be copied or amplified over a million fold in a
simple enzyme reaction. As a specific area of interest was noted, PCR amplification of
the DNA was performed. The amplified DNA was then sequenced to identify specific
alleles.
Genetic research analyses used DNA from patient and control samples from the
multiple families identified in the DNA Bank. DNA was used to conduct association
studies and linkage analyses. Family 28 kindred contributed 69 DNA samples from
affected family members, extended family and spouse controls. A1112 surviving siblings
from a single generation contributed DNA samples to include for analyses. Ongoing
research in the lab focused on the identification of specific genetic variants in candidate
genes identified in Family 28 kindred and in the other significant families with AD.
It is unusual to have a family with so many members affected with AD in one

generation. Family 28 kindred provided an opportunity to identify the gene that may
reflect a cause for AD. ,Family 28 kindred's unique pedigree, multiple affected family
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members, and a common environmental history provided a strong rationale for analysis
using a genome-wide scan.
The five affected siblings, a spouse control in Generation IV in Family 28 and 4
affected family members and 4 controls from an additional large extended family
identified in the DNA Bank were also included in the microarray analysis. Genomic
DNA was extracted and utilized to identify the genotype. The microarray analyses
employed the Affymetrix GeneChip® Human Mapping 500K SNP microarray (Poduslo,
Huang, Huang, and Smith, 2008). Results from the microarray identified the gene
TRPC4AP on chromosome 20q 11.22 as causative for the disease in both families
(Poduslo et al., 2008).
Summary
The family history method and family group intet;Views were an appropriate and
reliable method to identify phenotype characteristics in this unique family with 5 family
members affected with AD. Essential to collection of the comprehensive data required to
identify and describe the clinical phenotype and risk modifiers for· AD in Family 28 was
the development of the PHQ. The PHQ insured comprehensiveness, consistency,
organization, and structure to understand and interpret the multiple influences that affect
the characteristics of the underlying phenotype. The comprehensive PHQ in combination
with the group family interview m~thod provided the structure necessary to chronicle an
account of the characteristics present throughout the affected family member's lifetime
and formed the foundation to develop a phenotype in Family 28. Identification of the
phenotype provided a strong rationale to consider members of Family 28 as the subjects
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for genetic analysis using microarray technology that ultimately identified the TRPC4AP
gene as a unique causative gene in the Family 28 kindred.
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CHAPTERN
RESULTS
Review of the questions and sub-headings on the PHQ provided the foundation
for identification of variables for analysis. A significant number of variables related to
AD were identified and grouped into three categories: memory inventory characteristics,
neuropsychiatric behavior manifestations, and environmental/medical risk modifiers.
Separate variables were identified within the memory inventory category and the
neuropsychiatric inventory category. Possible risk factors among the medical and
environmental characteristics were identified to search for predictor variables.
The original interviews and the interview content from the written narrative
summaries of each affected sibling were searched to identify the presence of each of the
variables in the family member. (See Appendix C, Personal Histories of Alzheimer's
Disease Affected Family Members). Categorical values were assigned, as appropriate, for
both the affected siblings and for the unaffected siblings and entered into a spreadsheet
for statistical analysis using SAS/STAT® Software.
Environmental Variables
Twenty potential predictor variables among the medical and environmental
characteristics were identified. Table 8, Environmental Variables Identified, lists the
environmental variables that were selected from the categories of questions in the PHQ.
The environmental variables were identified as the independent variables for logistic
regression analysis.
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Table 8

Environmental Variables Identified
Variable Measured
Education
Osteoarthritis
Cardiovascular Risk
Factors
Cholesterol
Blood Pressure
Neurological- Stroke,
TIAs
Epilepsy, Migraines,
Other Neurological
Medical History,
Cancer, Diabetes,
Kidney disease, other
Depression, Psychiatric
Illness
Prescription
medications, analgesics
B 12
Thyroid
Vitamin C supplement
Vitamin E supplement
Tobacco usage
Alcohol usage
Physical Activity
Weight
Diet

Combined Variables Included:
What was the highest level of education the individual
completed; gth grade or< or> than gth grade?
Was there a history of osteoarthritis, rheumatoid arthritis, or
other inflammatory diseases?
Was there a history of myocardial infarction, congestive
heart failure, irregular or abnormal heart rhythm, or other
heart conditions?
Was there a history of elevated cholesterol, or did the
individual take cholesterol medication?
Was there a history of elevated blood pressure or did the
individual take antihypertensive medication?
Was there a history of stroke, mini-stroke, transient ischemic
attacks (TIA)?
Was there a history of Parkinson's disease, tremors, epilepsy,
migraines, other neurological conditions?
Was there a history of cancer, blood diseases, diabetes
mellitus, kidney disease, learning disability,- or other medical
conditions?
was there a history of depression or psychiatric illness, for
which medications, ongoing counseling or hospitalization
were received?
Were anti-inflammatory medications, aspirin, Tylenol,
medications for diabetes, or hormones taken?
Was there a diagnosis ofB12 deficiency or were B12
medications taken?
Was there a history of thyroid disease or were thyroid
medications taken?
Were Vitamin C supplements taken on a regular ongoing
basis?
Were Vitamin E supplements taken on a regular ongoing
basis?
Were tobacco or tobacco products, cigarettes, cigars, chew,
dip, or snuff used?
Were alcoholic beverages, beer, wine, or liquor consumed on
a regular basis?
Was regular physical strenuous activity outside of work
undertaken?
Was the weight for height normal or overweight?
Was the diet consumed healthy or high fat and/or high
sugar?
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Several variables originally included in the conceptual model were eliminated
from statistical analysis because there was no evidence that the variable was present in
any of the family members. The variable responses that were excluded were a history of
head injury, participation in hobbies or leisure activities, and use of the supplements
ginko biloba, (3 carotene, fish oil, and multivitamins. None of the affected siblings took
supplements and only one unaffected sibling took fish oil and multivitamins. Instead,
vitamin C and vitamin E were separated as separate individual variables. Similarly, a
decreased· vitamin B 12 level and hypothyroidism, both implicated as potential risk factors
for dementia, were included as separate .variables to determine if either demonstrated a
significant probability.
Table 9, Frequencies, Percentages and Significance of Environmental Variables, a
frequency distribution table for the environmental variables identified. Calculated
percentages are stated for each variable in both affected siblings· and unaffected siblings.
The probability for significance (p) represents the likelihood (or probability) that the
differences in the particular variable could have occurred by chance. The a significance
level was set to 0.05 for the probability of rejecting the null hypothesis rather than a
higher 0.01 because there was a very small sample size with a large number of variables
identified. Most ofthe values did not approach the smaller aof0.01 (i.e. 1 chance in 100
that the result was significant by chance alone).
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Frequencies, Percentages and Significance ofEnvironmental Variables
Environmental Variable
< 8tfi Grade
Education
81h Grade or >
Absent
Osteoarthritis
Present
Cardiovascular Risk
Absent
Present
Factors
Normal
Cholesterol
Elevated
Normal
Blood Pressure
Elevated
Absent
Neurological- Stroke,
Present
TIA's
Absent
Epilepsy, migraines,
Present
Other neurological
Absent
Medical History- Ca,
Present
DM, Kidney, etc.
Depression Psychiatric No History
Med History
Illness
No medications
Prescription
medications Analgesics Medications
Normal levels
B 12
Decreased B 12
Normal thyroid
Thyroid
Hypothyroid
Infrequent use
Vitamin C supplement
Taken regular
Infrequent use
Vitamin E supplement
Taken regular
Tobacco usage
Minimal use
Long term use
Alcohol usage
Minimal use
Frequent use
Physical Activity
Sedentary
Active
Normal weight
Weight
Overweight
Diet
Healthy diet
Hi Fat/Hi sugar
**a= 0.01
*a= 0.05

Affected
5 (100%)
0(0%)
1 (20%)
4 (80%)
3 (60%)
2 (40%)
3 (60%)
2 (40%)
3 (60%)
2 (40%)
2 (40%)
3 (60%)
4 (80%)
1 (20%)
4 (80%)
1 (20%)
4 (80%)
1 (20%)
2 (40%)
3 (60%)
0 (40%)
5 (100%)
4 (80%)
1 (20%)
5 (100%)
0(0%)
3 (60%)
2 (40%)
0(0%)
5 (100%)
4 (80%)
1 (29%)
4 (80%)
1 (20%)
2 (40%)
3 (60%)
2 (40%)
3 (60%)

Unaffected
1 (14%)
6 (86%)
6 (86%)
1 (15%)
5 (71%)
. 2 (29%)
2 (20%)
5 (71%)
5 (71%)
2 (29%)
7 (100%)
0 (0%)
7 (100%)
0 (0%)
5 (71%)
2 (29%)
6 (86%)
1 (15%)
5 (71%)
2 (29%)
7 (100%)
0(0%)
7 (100%)
0(0%)
2 (29%)
6 (71%)
1 (15%)
6 (86%)
3 (43%)
4 (56%)
5 (71 %)
2 (29%)
6 (85%)
1 (14%)
3 (43%)
4 (57%)
3 (43%)
4 {57%)

p value=
0.0152**
0.0455*
0.5758
0.9545
0.5758
0.0455*
0.4167
0.8409
0.8485
0.3106
0.0013**
0.4167
1.0000
0.9899
0.1591
0.8409
0.6818
0.6894
0.6894
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Education

All affected siblings had less than an 8th grade education while all but one (n = 4)
of the unaffected siblings graduated from high school. None of the affected or unaffected
siblings graduated from college. As ex:pected, education was a significant variable

(p = 0.0152). Significance was expected, especially because the literature is replete with
evidence that the higher the education the more cognitive reserve for the individual,
which may delay AD onset (Whalley et al., 2000; Koepsell et al., 2008).
Osteoarthritis

The presence of osteoarthritis was found in 80% (n = 4) of the affected siblings as
compared to only15% (n = 1) of the unaffected siblings (p = 0.0455). The significance of
osteoarthritis may be a reflection of age; the unaffected were younger on average.
Originally, questions about osteoarthritis were designed to identify inflammatory
processes and cross-reference the potential use ofNSAIDs. Osteoarthritis, though not
classified as an inflammatory disease, is associated with use of anti-inflammatory
medications for pain relief. Use ofNSAIDs such as ibuprofen may be protective for AD.
Osteoarthritis, also known as degenerative arthritis is associated with increased aging; the
older you are the more likely the risk for osteoarthritis. Osteoarthritis significance in
Family 28 may be based solely on the association with age.
Cardiovascular Risk Factors

Forty percent (n = 2) of the affected siblings had a positive cardiovascular history.
One sibling had multiple cardiac ,catheterizations for chest pain and another sibling had
pacemaker placement for cardiac arrhythmias. Twenty-nine percent (n = 2) of the
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= 0.5758).

Cholesterol and blood pressure were identified separately from cardiovascular risk factors.
Cholesterol

Forty percent (n = 2) of the affected siblings were diagnosed with elevated
cholesterol and were prescribed statin medications; while 71% (n = 5) of the unaffected
siblings were diagnosed with elevated cholesterol and used statins. No statistical
significance was found (p = 0.9545). Conflicting reports are associated with the role of
elevated cholesterol in the development of beta amyloid plaques in the brains of AD
patients. Researchers are examining the effect of cholesterol lowering medications, (i.e.,
statins), on the development and progression in AD patients.
Blood Pressure

Forty percent (n = 2) of the affected siblings took medication for hypertension.
Only 29% of the unaffected siblings were hypertensive; results were not significant (p =
0.5758). Because few family members possessed a history of hypertension and/or were
medically managed, hypertension was less likely to influence AD in this family.
Neurological History ofStroke, Mini-stroke, TIA

Sixty percent (n = 3) of the affected siblings had a positive history for stroke or
TIA; norte of the unaffected siblings had a positive neurological history. Stroke/TIA was
significant (p = 0.0455). Each of the 3 affected siblings with a positive history of stroke
was diagnosed with AD before suffering from stroke/TIA. The strokes, though none were
severe, may ~ave contributed to additional changes in memory and behavior and
exacerbated the AD symptoms already present.
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Epilepsy, Migraines, Other Neurological
One affected sibling had a history of migraines (20%) since childhood. Family
believed that the migraines to be associated with brain surgery for a brain abscess as a
child. No unaffected sibling had any history of epilepsy, migraines, or other neurological
problems. The variable for epilepsy and migraines was riot significant (p

= 0.4167).

Medical History
One affected sibling (20%) used oral hypoglycemic medications for treatment of
borderline diabetes. Two unaffected siblings (29%) had a history of skin cancer. No other
medical history for cancer, diabetes, or kidney disease was identified. Medical history
was not significant in Family 28 (p = 0.8409).
Depression Psychiatric Illness
One affected sibling (20%) received medication for depression, which may be
associated with living with an alcoholic abusive spouse. One (15%) unaffected sibling,
who is an active caregiver for several affected family members, receives anti-depressive
medications. No family member had a history of psychiatric illness. The variable was not
significant (p = 0.8485). ·
Prescription Medication Analgesics, Diabetes
Questions about use of prescription medications served to cross-reference and
compare positive responses given related to previous medical history questions. Three
affected siblings (60%) took Tylenol rather than anti-inflammatory medications for pain
management; two siblings used hormone replacement. Two·unaffected siblings (29%) ·
took Tylenol for management of pain instead of using anti-inflammatory medications.
Prescription medications and/or analgesics was not significant (p

= 0.31 06).
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Vitamin B 12 Deficiency

All affected siblings (n = 5) had vitamin B12 deficiencies and received vitamin
B12 replacement injections. Two medical records commented on the decreased vitamin
B12 but noted that the impact of the B12 deficiency was not believed to be a factor in the
dementia. None of the unaffected siblings had low vitamin B12levels. Vitamin B12
deficiency was statistically significant (p = 0.0013).
Thyroid Deficiency

One affected sibling (20%) received medication for hypothyroidism. None of the
unaffected siblings had low thyroid levels. Thyroid deficiency was not significant (p =
0.4167).
Vitamin C Supplement

None of the affected sib.lings took Vitamin C supplements, while 71% (n = 6) of
the unaffected siblings took the supplement. The variable, use of vitamin C, was not
significant (p = 1.000).
Vitamin E Supplement

Forty percent (n = 2) of the affected siblings received vitamin E supplements. Six
unaffected siblings (86%) take vitamin E regularly. Unaffected siblings believed vitamin
E supplements may be protective against AD. Two unaffected family members took large
doses, > 800 IU of Vitamin E. Vitamin E supplement use was not significant (p = 0.9899).
Tobacco Usage

All five (100%) of the affected siblings used tobacco products for the majority of
their life. Most of the affected siblings quit the use of tobacco within a year of the
diagnosis of AD. Affected siblings used smokeless tobacco, i.e., chew, dip, or snuff and
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did not smoke cigarettes. One affected sibling smoked an occasional cigar in addition to
using chew. Four unaffected siblings (43%) smoked cigarettes or used smokeless tobacco.
· Statistical analysis revealed that use oftobacco products was not

signific~nt

(p = 0.1591).

Alcohol Usage
A majority of the family members did not use alcohol products, such as wine,
beer or liquor because the family had a deep religious affiliation that did not permit use of
alcohol. One exception was

a single affected sibling who drank heavily and engaged in

'

binge drinking. Two unaffec~ed siblings (29%) occasionally drank wine but not on a
regular basis. Alcohol usage was not statistically significant (p·= 0.8409)
Physical Activity
Most of the family members led a sedentary lifestyle. One (20%) affected family
member had a history of regular involvement in physical activity and played regularly on
a softball team. Only one (14%) unaffected family member participated in a regular
exercise program, which involved a two mile·walk on most days to help control weight.
Physical activity was not statistically significant (p

= 0.6818)

Weight
Informants reported three affected siblings (60%) as overweight for their height
most of their life. However, the affected siblings later lost weight as the disease
progressed. Four unaffected siblings (57%) were overweight for height. Weight was not
statistically significant (p

= 0.6894).

Diet
Similarly informants reported that three affected siblings (60%) consumed a diet
mostly of high fat or high sugar. Four unaffected siblings (57%) also consumed an
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unhealthy diet. The unaffected siblings (n =· 3) who consumed a healthy diet also took
vitamin supplements. Diet was not statistically significant (p = 0.6894).
Memory Inventory Variables
Table 10, Memory Inventory Variable Assessed, represents the categories of the
memory inventory variables. Categories included: age-of-onset of AD; orientation to
person, place, and time; attention/calculation; registration/understanding; language
(naming, talking, reading, and writing); parkinsonism; and self-care ability. As expected,
affected family members demonstrated difficulties in all areas from the Memory
Inventory portion of the PHQ. Because there was no variation for statistical analysis, the
memory inventory variable was combined and coded as a single variable. Two affected
siblings did not have MMSE scores or their equivalent recorded; moreover, MMSE
scores that were documented on affected siblings were measured five years earlier and
thus the MMSE was not a representative score. Unaffected siblings were not assessed for
difficulties with the memory inventory characteristics. All MMSE results from the
unaffected were within normal limits. Scores ranged from 27-30 out of a possible 30.
Table 10
Memory Inventory Variables Assessed

Memory Inventory Variables
6.Language~eading
1. Age of onset
7. Language/Writing
2. Orientation
8. Parkinsonism
3. Attention/Calculation
9. Self-care Activities
4. Registration/Understanding
5. Language/Naming/Talking

The Memory Inventory portion of the PHQ focused on identifying specific
memory difficul~ies and attempted to .categorize them. When possible, questions were
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directed to place the event within a timeline to determine the earliest memory related to
the presence of the variables characteristic. A detailed description of the memory
inventory clinical manifestations for each affected family members is included in
Appendix C, Personal Histories of Alzheimer's Disease Affected Family Members. Nine
variables were identified as associated with the phenotype.
Age-of-onset

Generation III, the parent's generation, consisted of seven siblings. Three siblings
in this generation were affected with AD with 87.7 years (range 85 years to 92 years) as
an average age-of-onset for the earlier generation. APOE genotypes for this generation
were APOE 3/4. Generation IV, the focus of this research, has an average age-of-onset of

69.2 years (range 66-72 years). The ages ofthe unaffected siblings range from 71 to 58
years. APOE genotypes for the sibling's generation·were APOE 4/4.
Clarification of age-of-onset for the affected siblings varied from medical records
by an average of two years. The extensive interviews identified a two year variation from
the original history taken from family members. Age-of-onset used for research analysis
was the date AD was documented in the medical records. However, responses from the
interviews placed beginning memory difficulties significantly earlier than had previously
been described. Cross-referenced informant stories tied symptoms to specific events in
the family so that symptom manifestations were clearly identified but the actual medical
diagnosis occurred later. One family member, initially diagnosed with mild cognitive
impairment was diagnosed two years later with AD. The PHQ identified the progression
of the disease in each family member. Appendix C, Personal Histories of Alzheimer's
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Disease Affected Family Members, provides detailed narrative descriptions and specific
manifestations of the memory difficulties for each affected family member.
Orientation
Orientation questions focused on remembering time, season, and orientation to
place. All affected siblings had difficulty with orientation and would frequently get lost.
Eventually, the affected family members were unwilling to leave the home even if
accompanied by other family members.
Attention/Calculation
Attention/Calculation focused on the ability to complete routine tasks, use a
telephone, handle and count small sums of money and travel on familiar streets. Affected
family members were unable to handle even small sums of money and none could use the
telephone in any capacity. One family member thought the television remote control was
the telephone and with a loud voice continually repeated the same question into the
remote control.
Registration/Understanding
Registration/Understanding questions focused on the ability to be aware of the
personal environment, understand content when watching TV, and recognize family
members in routine situations. Questions focused on whether the family member was
able to work and attend social functions like church or family gatherings. As AD
progressed, family members became less engaged in the family social events and
eventually were unable to socialize.
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Language/Naming/Talking

Language/Naming/Talking focused on difficulty with naming objects, recalling
recent events or visits, and the ability to communicate using words or names. As AD
progressed, most family members became mute and were unable to communicate
intelligibly.
Language/Reading

Language/Reading focused primarily on the written word. Family members
gradually stopped reading and could not comprehend the written word. One family
member attempted to read by putting a check mark at the top of the page to remind her
that she finished the page. However, she could not repeat the content from the page.
Language/Writing

Language/Writing focused on writing, making lists, or signing his/her name. Most
of the affected siblings could not even copy their own signature.
Parkinsonism

Questions related to parkinsonism included asking if the family member had
difficulty getting out of the chair, a shuffling gait, or exhibited tremors~ Because none of
the family members exhibited any of the traits, this variable was eliminated from analysis.
Self-care

Self-care activities focused on the ability to care for personal hygiene. All of the
affected family members had significant difficulty with bathing, toileting and personal
appearances. Most refused to bathe and became agitated when family members tried to
assist them.
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Neuropsychiatric Phenotype Characteristics
Neuropsychiatric behaviors are frequently the most troubling issues that families cope
with when caring for their AD affected family member. The individual neuropsychiatric
phenotype characteristic for each affected family member is listed in Table 11,
Neuropsychiatric Characteristics Identified in Alzheimer Affected Siblings.
Neuropsychiatric variables demonstrated significance among affected family
members. Each neuropsychiatric manifestation was coded appropriately as either present
or absent. If the characteristic manifested then it was coded as present. Unaffected family
members did not exhibit neuropsychiatric manifestations, thus neuropsychiatric variables
were coded as not present (0) in all unaffected family members.
The most frequent neuropsychiatric clinical manifestations were personality
change and participation in repetitive acts or pacing. Often the personality changes were
associated with a negative aggressive behavior. However,

i~

two cases the family

reported that the affected family member's personality was actually more loving and it
was easier to care for those siblings. Delusions and hallucination.s were grouped as one
variable for purposes of analysis. Most affected family members believed that someone
was stealing from them. Family member W originally did not exhibit hallucinations but
one year after the analysis was completed he began to see a man coming into the house to
steal from him. Aggressiveness, irritability, and poor judgment were also common
phenotypic characteristics in the affected siblings.
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Table 11
Neuropsychiatric Characteristics Identified in Alzheimer Affected Siblings

Neuropsychiatric
Phenotype Characteristic
Age of Onset
MMSE
Memory inventory difficulties
Delusion others steaVcause harm
Delusion strangers are in the
house
Hallucinations- hears voices
Hallucinations-Sees/talks to
others
Aggressive,· stubborn, resistive
Exhibits depression, dysphoria
Anxious, nervous or tense
Elation, euphoria excessive
happy
Apathy, indifference
Disinhibition, impulsive
Irritability, lability, impatient
Personality change
Poor judgment in making
decision
Insight in memory problems
Motor repetitive acts-pacing
Wanders, unaware of
surrounding
Awaken night, rise early, naps
Acts out mostly at evening
Parkinsonism

Affected Family Member
u
w X
Proband
70
72
70
66
19
20
1
1
1
1
1
0
1
0
1
0
1
1

y

Frequency
Percentage

68
21
1
1
0

5 (100%)
3 (60%)
3 (60%)

0
1

1
1

0
0

0
1

0
1

1 (20%)
4 (80%)

1
0
1
0

1
0
1
0

0
0
0
0

1
0
0
0

1
1
0
0

4 (80%)
1 (20%)
2 (40%)
0(0%)

1
0
1
1
1

0
1
1
1
1

0
1
0
1
1

0
0
0
1
2

1
0
1
1
1

2 (40%)
2 (40%)
3 (60%)
5 (100%)
4 (80%)

1
1
0

1
1
1

1
1
0

0
1
1

0
1
0

3 (60%)
5 (100%)
2 (40%)

0
1
0

1
0
0

1
0
0

1
1
0

0
0
0

3 (60%)
2 (40%)
0(0%)

Less common characteristics were the characteristics of apathy, wandering and
sundown behavior (agitated, purposeless behavior occurring at the end of the day). None
of the affected family members demonstrated the presence of euphoria, elation, or
parkinsonism.
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Table 12

Fisher's Exact Statistical Analysis ofNeuropsychiatric Characteristics
Neuropsychiatric Phenotype Characteristics
Frequency
Does the patient ever believe others are stealing from him or her
3
or planning to harm him or her in some way?
Does the patient ever think someone is in the house or strangers
3
are in the bed?
3
Does the patient act as if he or she hears voices?
Does he or she talk to people who are not there or see things that
4
are not there?
Is the patient stubborn and resistive to help from others?
4
1
Does the patient ever act as if he or she was sad or in low spirits?
Does he or she cry?
2
Does the patient become upset when separated from you? Does
he or she have any other signs of nervousness, such as shortness
of breath, sighing, being unable to relax, or feeling excessively
tense?
Does the patient appear to feel too good or act excessively
0
happy?
Does the patient seem less interested in his or her usual activities
2
and in the activities and plans of others?
Does the patient seem to act impulsively? For example, does the
2
patient talk to strangers as if he or she knows them, or does the
patient say things that may hurt people's feelings without
realizing it?
Is the patient impatient and cranky? Does he or she have
3
difficulty coping with delays or waiting for planned activities?
Is there a change in the patient's personality from the usual
5
behavior?
Does the patient seem to have poor judgment in making
5·
decisions?
Is the patient aware of the memory or behavioral problems?
3
Does the patient engage in repetitive activities, such as pacing
5
around the house, handling buttons, wrapping string, or doing
other things repeatedly?
Does the patient wander and seem to get lost and not be aware of
2
his/her surroundings?
Does the patient awaken you during the night, rise too early in
3
the morning, or take excessive naps during the day?
2
Does the patient seem to act out or develop behavior difficulties
that appear mostly in the evening time?
**a= 0.01 ·*a= 0.05

p value=
0.0455*

0.0455*
0.0455*
0.0101 **
0.0101 **
0.4167
0.1515

0.1515
0.1515

0.0455*
0.0013**
0.0013**
0.0455*
0.0013**

0.1515
0.0455
0.1515
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Fisher's exact analysis revealed that affected family members exhibited a
significant number of neuropsychiatric behavioral characteristics. Table 12, Fisher's
Exact Statistical Analysis of Neuropsychiatric Characteristics, identifies the primary
phenotype characteristics with several characteristics significant at the 0;01 alpha level
and other characteristics significant at the alpha level 0.05.
Neuropsychiatric characteristics significant at p :S;0.001 level (n = 5) include:

1. A change in the patient's personality from the usual behavior.
2. Poor judgment in making decisions.
3. Engaging in repetitive activities, such as pacing around the house,
continually taking objects out of a bag and putting them back,
flicking of fingers, or picking at skin.
Neuropsychiatric characteristics significant at p :S;0.01 level (n = 4) include:
1. Talking to and seeing imaginary people and objects.
2. Stubborn and resistive to help from others.
Neuropsychiatric characteristics significant at p =::;;;0.05 level (n = 3) include:
1. A belief others are stealing from him or her. None were afraid of
being harmed in some way.
2. Hallucinations that imaginary people were in the house.
3. Auditory hallucinations and talk with imaginary animals or people.
4. Impatience, irritability, and difficulty coping with delays or
waiting for planned activities.
5. Unaware of the memory or behavioral problems.
6. Sleep disturbances or excessive naps during the day.
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= 0.15 to

0.42) (n < 3).
1. Depressed spirits, sad or crying (n = 1).
2. Separation anxiety, nervousness, shortness ofbr:eath, sighing,
unable to relax, or feeling excessively tense (n = 2).
3. Acts excessively happy (n = 0).
4. Apathy and loss of interest in usual activities and plans of others

(n = 2).
5. Impulsiveness, talks to strangers as if he or she knows them, hurts
people's feelings without realizing it (n = 2).
6. Wanders, gets lost and is not be aware of his/her surroundings

(n = 2).
7. Acting out behavior and behavior difficulties that appear mostly in
the evening time (n = 2).
Pearson Correlation Coefficients
Twenty enviroinnental variables, which represented the potential environmental
predictors of AD for purposes of analysis, were subjected to Pearson correlation
coefficients analysis using SAS/STAT® Software. The intent was to determine if the
variables were independent or correlated and compare the variables to identify the
Pearson r. Refer to Table 8, Environmental Variables Identified, for a list of the
environmental variables that were compared.
A correlation coefficient r states mathematically the relationship that exists
between two variables. Correlation coefficients may range from+ 1.00, a perfect positive
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relationship, through 0.00 to -1.00, a perfect negative relationship. The closer the r is to ·
zero, the weaker the relationship between the two variables. A moderately high value was
identified to deterriline correlation among the environmental variables prior to proceeding
to logistic regression. A Pearson correlation coefficient of r > 0.8 was used to determine
if the variables were correlated. Table 13, Pearson Correlation of Environmental
Variables, identifies the Pearson correlation coefficients of the variables used.
Table 13

.Pearson Correlation ofEnvironmental Variables
Pearson Correlation of Environmental Variables r > 0.8
Medical
Cholesterol Stroke TIA
History,
Cancer, etc
Medical History Cancer, etc.
Pearson Correlation
1.000
-0.8367
-0.4082
Significance
0.0007
0.1877
N=12
Cholesterol
. -0.8367
Pearson Correlation
1.000
0.0976
Significance
0.0007
0.7629
N=12
Stroke TIA
-0.4082
Pearson Correlation
0.0976
1.000
Significance
0.1877
0.7629
N=12
Arthritis
Pearson Correlation
-0.1250.
-0.1195
0.8165
0.7114
0.0012
Significance
0.6987
N=12

Arthritis

-0.1250
0.6987

-0.1192
0.7114

0.8165
0.0012

1.000

Evaluation of output data revealed the majority of the variables were independent
and thus did not correlate, Table 13, Pearson Correlation of Environmental Variables.
Exceptions were medical history of cancer, diabetes mellitus and kidney disease
negatively correlated with cholesterol, r = -0.8366 (p = 0.0007). There is an inverse
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relationship in that it is more likely the individual with a history of cancer, diabetes
mellitus and/or kidney disease would be less likely to have elevated cholesterol. Because
the correlation was not rational from a physiologic point of view, both variables, i.e.
medical history and cholesterol were included in the analysis.
Data output also revealed a correlation ofstroke/TIA with arthritis, r = 0.8165
(p = 0.0012), Table 13, Pearson Correlation of Environmental Variables. Research has

shown that both variables are associated with age but not necessarily AD. The decision
was to include both variables in the analysis, in spite of the correlation.
Two additional variables were significant (p = 0.05) and had moderate
correlations r > 0.6 but were included as separate variables in the analysis. Normal
weight and healthy diet correlated at r = 0.6571 (p = 0.02) and healthy diet and minimal
alcohol use in the diet correlated at r = 0.6831 (p = 0.01), Table 13, Pearson Correlation
of Environmental Variables. Both variables were included in the analysis since the
Pearson was set at r > 0.8. No other variables correlated above r > 0.6 and thus only the
correlated variables were included in the logistic regression analysis.
Logistic Regression
Logistic regression analysis is a statistical procedure to study the effects of
multiple independent variables, i.e., physiological/environmental variables on the
dependent variable, AD. In logistic regression, the estimation of parameters is based on
the maximum likelihood that estimators will determine those variables most likely to
have generated the observed data, i.e., presence of AD. However, logistic regression
analysis involved with this research, was unable to determine an association between AD
(dependent variable) and the multiple sub-phenotype characteristics or identify any
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variables that demonstrated significance for the phenotype. Logistic regression was
unable to provide an odds ratio for the estimate of relative risk or the risk of AD
occurring given the phenotype characteristic. The inability to obtain useful results was
possibly due to the small sample size and the large number of variables identified.
Data output when the variables were analyzed together reflected a ChiSq output
on both the neuropsychiatric variables and environmental variables, which ranged from a
ChiSq = 0.8818 to 1.000. Standard error (SE) outputs on average ranged from 74.0 to
110.0+. Odds ratios estimate confidence limits ranged from< 0.001 to> 999.999. Each
time the logistic procedure was performed a warning appeared stating that the validity of
the model fit is questionable. The major difficulty was that the number ofvariabies were
excessively large and the sample number (N = 12) was extremely small.
However, important variables related to the neuropsychiatric behavior did emerge
when logistic regression was performed separately. The researcher recognizes that the
function of logistic regression is to measure multiple correlations between a group of
predictor variables and one dependent variable. However, because the evidence was not
available and no predictors emerged as significant phenotype characteristics in Family 28
via logistic regression, each variable was examined independently.
Logistic regression of neuropsychiatric variables run independently was expected
to determine if any of the characteristics were significant alone. The output from each of
the data sets identified results as negative, i.e. none of the variables were statistically
significant. Table 14, Neuropsychiatric Variables and Significance, identifies the results
from independent analyses of neuropsychiatric variables.
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Table 14
Neuropsychiatric Variables and Significance

Neuropsychiatric Variable
Does the patient have difficulty with his or her memory?
Does the patient ever believe others are stealing from him or her or
planning to harm him or her in some way?
Does the patient ever think someone is in the house or strangers are in
the bed?
Does the patient act as if he or she hears voices?
Does he or she talk to people who are not there or see things that are not
there?
Is the patient stubborn and resistive to help from others?
Does the patient ever act as if he or she was sad or in low spirits? Does
he or she cry?
Does the patient become upset when separated from you? Does he or
she have any other signs of nervousness, such as shortness ofbreath,
sighing, being unable to relax, or feeling excessively tense?
Does the patient appear to feel too good or act excessively happy?
Does the patient seem less interested in his or her usual activities and in
the activities and plans of others?
Does the patient seem to act impulsively? For example, does the patient
talk to strangers as if he or she knows them, or does the patient say
things that may hurt people's feelings without realizing it?
Is the patient impatient and cranky? Does he or she have difficulty
coping with delays or waiting for planned activities?
Is there a change in the patient's personality from the usual behavior?
Does the patient seem to have poor judgment in making decisions?
Is the patient aware of the memory or behavioral problems?
Does the patient engage in repetitive activities, such as pacing around
the house, handling buttons, wrapping string, or doing other things
repeatedly?
Does the patient wander and seem to get lost and not be aware of his/her
surroundings?
Does the patient awaken you during the night, rise too early in the
morning, or take excessive naps during the day?
Does the patient seem to act out or develop behavior difficulties that
appear mostly in the evening?

pvalue=
0.7568
0.7313
0.7313
0.7299
0.7401
0.7401
0.7299
0.7273

0.7568
0.7273
0.7273

0.7313
0.7568
0.6893
0.7313
0.7401

0.7273
0.7313
0.7273

As is evident from Table 14, Neuropsychiatric Variables and Significance,
independent logistic regression analysis resulted in none of the neuropsychiatric variables
that approached any level of significance and the ChiSq ranged from p = 0.6893 to
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0.7568. Logistic regression was performed using only those neuropsychiatric variables
that were significant from the Fisher exact analysis of frequency, which included 11
variables. Refer to Table 12, Fisher's Exact Statistical Analysis of Neuropsychiatric
Characteristics, which identifies the variables that were included in the analysis. However,
the analysis output provided extremely high ChiSq values that ranged fromp = 0.8100 to
1.000, thus the data was not useful.
Because four environmental variables emerged as possible factors, logistic
regression was performed that only included the variables, education, stroke/TIA,
arthritis and B12. The output results are reflected in Table 15, Estimates and Probabilities
of Limited Environmental Variables. Interpretation is minimal and questionable since
they are not significant.
Table 15
Estimates and Probabilities ofLimited Environmental Variables

Environmental Variables
Education
Stroke/TIA
Arthritis
B 12 deficiency

Estimate
-13.2394
12.5073
14.2004
18.4983

p value=
0.9296
0.9379
0.9506
0.7568

Though these values are not significant the education estimate represents a
negative correlation, i.e. the higher the education level the lower the risk for AD, which is
consistent with the literature. No inferences can be made from any of the other values
TRPC4AP
Two families, which included Family 28, were selected for genotype analysis of
microarray data using the GeneChip® 500 K Mapping Array Set. A significant set of
SNPs on the TRPC4AP gene on chromosome 20q 11.22 were identified, after Bonferroni
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correction (Poduslo et al., 2008). A haplotype of 10 SNPs were significant for the disease
in the two families. All patients had homozygous genotypes for the SNPs, most of the
controls were either heterozygous (50%) or opposite homozygous (37% to 38%)
genotypes (Poduslo et al., 2008).
Haplotype ~alysis of the ten SNPs revealed a common haplotype for the affected
siblings. All 5 of the affected siblings in Family 28 revealed the haplotype. In all the
affected siblings the genotype was homozygous for the identified SNPs. Three unaffected
siblings also exhibited the haplotype of the affected siblings (Poduslo et al., 2008). The
unaffected siblings are younger than the age-of-onset identified in Generation IV family
members and do not cu.riently have cognitive problems (Podu~lo et al., 2008)
Conclusion
Analysis of variables identified through interviews using the PHQ established
several significant variables associated with the phenotype of affected family members
within Family 28. Results corroborated the hypothesis that members of Family 28 with
Alzheimer's disease will demonstrate a particular significant phenotype that associates
with Alzheimer's disease in this family.
The PHQ identified the memory inventory characteristics of cogfiitive decline as
the AD progressed in affected family members. Appendix C, Personal Histories of
Alzheimer's Disease Affected Family Members, tells the stories of the affected family
members. Neuropsychiatric behavior manifestations were identified as significantly
prevalent and represented asignificant portion of the phenotype. Although logistic
regression was unable to identify statistically significant predictors associated with AD,
the interviews identified a picture of each family member and revealed the individual
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emotional impact the disease had on the family. Reminiscence of the family members
may have benefited the family by providing a listening ear as they deal with a significant
caregiver burden.
The main constraints associated with a further inability to identify statistical
significance were the large number of identified variables (N = 20) and the small number
of subjects (N = 12).
Association with the APOE gene and the identification ofTRPC4AP gene's role
in Family 28's phenotype support the hypothesis that identification of phenotypes
contribute to identification of specific genes that may contribute to the onset of
Alzheimer's disease in Family 28 kindred.
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CHAPTERV
DISCUSSION
Identification of a specific clinical phenotype for AD and the risk modifiers
associated with the disease development was complex. The clinical phenotype of AD
varied significantly with affected individuals exhibiting a wide range of symptoms,
primarily in the neuropsychiatric manifestations. Because these family members share a
common genotype, all are APOE4/4, and a common environment, affected family
members may share similar clinical manifestations representative of a common ·
phenotype. The goal of this research was to determine if a distinctive, unique .clinical
phenotype emerged in this large family. In an era where genome wide association studies
have been powerful tools in the identification of unique genes associated with disease, it
is increasingly important to narrowly define and match as closely as possible those with
similar phenotypes. Groups of individuals whose clinical characteristics group according
to explicitly matched criteria have a greater potential to facilitate the search for common
genetic variations associated with AD.
Because affected family members cannot give information about themselves it
was essential to identify reliable family members to provide the data for the research. All
family members were eager to participate. The detailed PHQ identified appropriate
questions, but key to accurate data gathering was the participative attitude of family
mem~ers

toward answering the questions. Without family support, the information

needed by the researcher would have been impossible to obtain.
Unique to this research is that Family 28 is a large family with five siblings
already affected with AD and many of the remaining siblings are still younger than the
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average age-of-onset. Each family member is especially concerned about the continuing
impact AD may have on him/her and his/her family. Individual family members formed
an exceptionally positive and supportive family unit and with rare exceptions
demonstrated minimal negative family dynamics. The family members eagerly and
enthusiastically participated in the interviews and were extraordinarily accommodating
and cooperative throughout multiple interview discussions. The family availability and
openness provided continuing opportunities throughout the research to refine
accumulated data and to identify common phenotype characteristics. The cohesive unity
demonstrated by the family and a desire for each family member to be involved became
evident throughout the entire research.
The family group interview, which used the PHQ as a guide, proved to be a potent,
indispensable research tool. The relaxed interview style permitted a detailed probe into
the lives of family members, and allowed a collaborative clear, l:llbiased, and accurate
description of AD in this family to emerge. Although interview data was obtained
retrospectively, the family history interview method contributed to reliability, accuracy
and completeness of data with occasional discrepancies quickly resolved during the
interview process as family members reached consensus on differences. The strategy of
utilizing multiple family members prevented a tendency to either over or under report
responses about specific behaviors, effectively controlled response bias, minimized
withholding or embellishment of content, and diminished errors due to faulty memory.
The interviews, also, achieved a high degree of information saturation.
Medical records were inadequate but provided diagnostic certainty for a clinical
diagnosis of AD. The records provided minimal detail about the progress and

Clinical Phenotype of Alzheimer's Disease

101

manifestations of AD in the family. Discharge summaries of hospitalizations provided
only slightly more detail.
The Personal History Questionnaire (PHQ) was extremely ambitious in
identifying questions, especially when the original intent was to identify environmental
variables and the timelines. Early in the interview process, the researcher realized the
futility of trying to identify time lines and though timeline questions were still asked, only
a single entry was made for each variable (present or absent). The initial number of
variables identified within the PHQ was disproportionately large and required a
considerable amount of consultation to continually reduce the number of variables.
Potential predictor variables were narrowed to twenty variables, which followed the
conceptual model.
Age-of-onset, fewer years of education, and the APOE4 allele were associated
with increased risk of Alzheimer's disease in this family. Other variables identified
included a vitamin B12 deficiency, stroke/TIA and arthritis but the role of each of these
variables is less understood in Family 28. No new variables that maybe associated with
AD were identified for this family.
Age-of-onset
The single most important risk factor for AD is age (Breitner-& Folstein, 1984;
Fitch, Becker, & Heller, 1988; Farrer, Myers, Cupples, StGeorge-Hyslop, et al., 1990;
vanGool, Schenk, & Bolhuis, 1994). The common phenotype predictors for AD have
repeatedly identified the only significant predictors of age-of-onset for AD to be a
positive family history and the APOE4 status (Duara et al., 1996). The most potent risk
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factor for late-onset AD is the presence of the APOE4 allele (Corder et al., 1993; PericakVance et al., 1991; Sando, Melquist, Cannon, Hutton, Sletvold, White, et al., 2008).
Family 28 appears to be manifesting the effects of the dose dependent effect from
the APOE4/4 alleles, i.e. the presence of two APOE4 alleles. Generation III, the parent's
generation for the siblings, consisted of seven siblings. The average age-of-onset for
affected family members with AD in Generation III (n = 3) was identified as 87.7 years
(range 85 years to 92 years) in the affected siblings from the earlier generation. APOE
genotypes for this generation were APOE 3/4, which only included the presence of one
APOE4 allele. Generation IV, the focus of this research, has an average age-of-onset of
69.2 years (range 66- 72 years). The ages of the unaffected sibling range from 58 to 71
years. The genotype for all twelve siblings in Generation IV is APOE 4/4. Age-of-onset
for AD in affected siblings in Generation IV of Family 28 appears to be significantly
reduced in a dose dependent manner from the age-of-onset of 87.7 years in heterozygous
carriers of APOE4 allele (the parents' siblings) to an age-of-onset of 69.2 years in
homozygous APOE4 allele carriers (the present generation of siblings). Identification of
dose-dependency carries urgency for research and to identify a phenotype that may aid in
earlier identification of AD characteristics in this family.
Education
Education was a significant variable in Family 28. One-hundred percent (n = 5) of
the AD affected family members had less than an eighth grade education; only one
· unaffected family member had less than an eighth grade education. Eighty-six percent
(n = 6) of unaffected family members had a minimum of a high school education
(p = 0.0152).
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The findings in Family 28 are consistent in that the literature supports the concept
that people with fewer years of education are more likely to have AD and dementia than
people with more years of education (Plassman et al., 2007; Roe, Xiong, Grant, Miller, &
Morris, 2008). Having fewer years of education is associated with a greater risk of
developing AD (Kukull, Higdon, Bowen, McCormick, Teri, Schellenberg, et al. 2002).
Some researchers believe that education may modulate the degree to which the
neuropathology of AD is expressed and higher levels of education may confer greater
cognitive reserve that may delay the appearance of cognitive decline and/or stimulate
neuroplasticity that attenuates the rate of decline over time (Scarmeas, et al., 2006; Stem,
2006). Other researchers point out that the years of education might be a surrogate
marker for factors that affect access to education in childhood, such as socioeconomic
status or where the child lived in the younger years (Evans, Hebert, Beckett, Scherr,
Albert, Chowen, et al., 1997; Hall, et al., 2000).' The level of education may also be a
surrogate for lower levels of occupational attainment and/or a higher prevalence of
physical health issues, which may contribute to an increase in cognitive decline (Koepsell,
Kurland, Harel, Johnson, Zhou, & Kukull, 2008; Stem, Gurland, Tatemichi, Tang,
Wilder, & Mayeau, 1994).
A direct positive effect of schooling on brain development and a greater mental
stimulation throughout life, involvement in more cognitively demanding occupations, and
stimulating leisure time activities may have a delaying effect for the development of AD
(Jonn, Rodgers, Henderson, Korten, Jacomb, Christensen, et al., 1998; Scarmes et al.,
2006; Verghese, Lipton, Katz, Hall, Derby, Kulansky, et al., 2003).
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Though not statistically significant, comparison of the lifestyle and occupation of
the affected family members with the unaffected family members revealed that the
primary occupations of the affected family members were laborers or in occupations
requiring minimal education. The occupations of the unaffected family members are
primarily in management, high-level technicians, or counseling, all associated with more
challenging mental stimulation. All unaffected family members have an extensive history
of working in challenging positions. Comparison of leisure activities was similar among
affected and unaffected family members.
Risk Modifiers
The Alzheimer Association and health care professionals encourage a "brain
healthy" lifestyle that includes a healthy diet, increased physical activity and lise of
supplements such as vitamins. Potentially successful treatment of cardiovascular risks
· may also benefit cognitive health. Better control of cardiovascular and cerebrovascular
risk factors with better access to health care interventions reduces the risk factors earlier
and may contribute to preservation of cognitive function (Gatz, Prescott, & Pedersen,
2006; Potter, Plassman, Helms, Foster, & Edwards, 2006).
Cardiovascular interventional use of statin medications to treat high cholesterol
increased from 4% to 22% in older individuals with heart disease between 1993 and
2002. Research determined that as antihypertensive medication treatment accomplished
better blood pressure control and as statins improved cholesterol profiles among 65 to 84
year old individuals the changes may have a significant impact on the delay of cognitive
changes (Rosen, Cutler, Norton, Hu, & Vijan, 2007).
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The Alzheimer's Association encourages individuals to attend the Alzheimer's
Association's Maintain Your Brain®: how to live a brain healthy lifestyle community
workshop, which introduces individuals to scientifically based advice advocating healthy
lifestyle choices. Individuals are encouraged to follow nutritional and lifestyle advice,
engage in social interactions, and use strategies to stay mentally sharp through
challenging mental activities and interactive exercises and activities. The Alzheimer's
Association also encourages individuals to actively participate in physical activity.
There was no evidence in Family 28 of a potential protective benefit from early
intervention related to medical treatment of hypertension (p = 0.5758) and/or treatment of
elevated cholesterol (p = 0.9545) in the unaffected family members. Statistical values
were not significant (p

=

0.5758) for other cardiovascular health risks in affected and

unaffected family members. Medical records indicated that the cardiovascular health risk
factors, such as ischemia, chest pain and myocardial infarction were not common medical
problems in Family 28 and were well managed medically where appropriate.
Studies have shown less cognitive decline and lower risk of AD in individuals
consuming either antioxidant vitamins or nonsteroidal anti-inflammatory drugs (NSAIDs)
(Fotuhi;z;andi, Hayden, Khachaturian, Szekely, Wengreen, et al., 2008). The Cache
County Study (2008) found significance in using the combination of vitamins and
NSAID medications. Of interest is that the better cognitive performance for those that
used the combination was attributed entirely to participants with the APOE4 allele
(Fotuhi et. al.). Among Family 28 members, although statistically insignificant, 71% of
unaffected family members took Vitamin C supplements (p = 1.000) compared to none of
the affected family members and 86% of unaffected took Vitamin E supplements
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= 0.9899) compared to 60% of affected family members; neither affected nor .

unaffected used NSAIDs. Without statistical significance no inference can be made.
However, since the literature supports a health benefit, even with our small sample size,
there may be a potentially hidden protective factor present from the vitamin ingestion,
especially since all the siblings in Family 28 are positive for the APOE4 allele.
Most unaffected family members verbalized that they were aware of the "brain
healthy" lifestyle factors but overall that knowledge did not change behavior or translate
into better nutritional choices, implementation of a regular exercise program or
involvement in weight management. Eighty-five percent of the unaffected family
members still engaged in a sedentarylifestyle (p = 0.68i8), 57% were overweight (p =
0.6894), and 57% (p = 0.6894) consumed an unhealthy diet high in fats and sugar, even
though the family acknowledged the importance of changing to a healthier lifestyle that
also included increasing physical activity.
Physical activity has been shown to reduce the rate of cognitive decline among
older adults at risk and is believed to sustain cerebral perfusion and cognition
(Lautenschlager, Cox, Flicker, Foster, vanBockmeer, Xiao, et al., 2008). Changing to a
healthier lifestyle that includes physical activity has a potential protective effect on the
risk of Alzheimer's disease and is especially important for this family. Physical activity
can be an opportunity for behavior modification and could provide Family 28 a potential
safe, preventative measure against AD. However, knowledge of the need for behavior
modification may not be sufficient to have the family members modify behavior.
Smoking

Although smoking has been impiicated in a large number of complex )diseases,
most studies of smoking and AD found no association with past or current smoking.
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Studies have also not been able to identify conclusively an association with or without the
APOE4 allele factored in the analysis (Bachman, et al., 2003). Interestingly, studies of
dementia and AD have shown that smokers without an APOE4 allele had a two to
fourfold increased risk of cognitive deterioration, while smokers who are APOE4 carriers
had a decreased risk of AD (Dufouil et al., 2000; Merchant et al., 1999). Smoking has
been reported to increase the risk of AD only in patients without an APOE4 allele
(Rippon et al., 2006).
Family 28 data revealed 100% (n = 5) of the affected family members used
tobacco products while 56% (n = 5) of unaffected family members smoked. The initial
observation seemed that the data regarding use of tobacco would yield significance.
Affected family members all used tobacco products, (such as dip, chew, and snuff), but
did not smoke cigarettes. The three unaffected family members who did use tobacco
products- smoked cigarettes. Statistical analysis did not yield significance (p = 0.1591 ).
Although the data did not support a level of significance, it may be possible that smokers
in Family 28 combined with the APOE4 allele may be experiencing a potential protective
effect from AD with the use of tobacco.
Stroke/TIA

Stroke/TIA demonstrated significance in Family 28 (p = 0.0455). Three affected
family members (60%) had a stroke or a TIA episode while none of the unaffected had
similar episodes. Even though the diagnosis of AD was made prior to the diagnosis of
stroke in each of the affected family members, stroke remained a major risk factor for
development of AD in the unaffected family members. Stroke has been demonstrated to
be a strong predictor of decline in cognitive function (Seshadri et al., 2004). Systemic
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vascular disease has been associated with an increased rate of cognitive decline and an .
increased risk of AD. Strokes that occurred in patients already affected with AD had an
increased rate of cognitive decline and produced a poorer outcome, implicating the
probability of some interaction between the disorders (Kalaria, 2000). Among individuals
with the APOE4 allele, stroke was associated with a threefold increase in AD risk
(Rippon et al., 2006).
In a setting of Family 28; where all siblings are APOE4/4, the relationships

among vascular risk factors, stroke, APOE4, and AD are especially significant. Family 28
may be at increased risk for cerebrovascular disease because of the increased APOE
genotype. Knowledge that cognitive decline associated with a combination of AD and
stroke would be especially important for Family 28 to benefit from prevention strategies,
early screening and regular health care (Hachinski, 2007).

Vitamin B12
Vitamin B12 is crucial for brain and nervous system functioning and deficiency of
vitamin B 12 is common among older people. A deficiency often manifests itself first in
the development of neurological dysfunction that is almost indistinguishable from other
dementias and AD. There is little question that many patients exhibiting symptoms of
Alzheimer's disease actually suffer from a vitamin B 12 deficiency. But, if symptoms are
the result ofB12 deficiency the symptoms become reversible through effective B12
supplementation.
Researchers have proposed that supplements and/or high doses of vitamin B12
may have beneficial effects on cognitive function (Bussen, 2006). However, randomized
trial results have been inconclusive regarding use of high-dose B12 vitamin supplements
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in AD as a means to slow cognitive decline (Aisen, Schneider, Sano, Daiz-Arrastia,
vanDyck, Weiner, et al. 2008; Luchsinger, Tang, Miller, Green, & Mayeux, 2007).
Vitamin B12 deficiency is significant in Family 28 (p = 0.0013) and exists in all
the affected family members (n = 5). The B 12 deficiency may be associated with the
identification, diagnosis, and treatment during the management of AD. If the B 12
deficiency were a factor in the AD manifestation, memory inventory and cognition
should have improved in the affected family members. Affected family members
demonstrated no change in AD symptoms after B 12 replacement therapy.
Osteoarthritis
Osteoarthritis and AD frequently coexist as a result of 3;ge. Usual treatment for
arthritis is NSAIDs, which may have some chemopreventive effect to reduce or limit the
probability of developing AD, or slow its progression (Szekely, Town, & Zandi, 2007).
However, Family 28 family members used Tylenol for the management of osteoarthritic
pain and did not take NSAIDs. The significant finding for osteoarthritis (p = 0.0455) in
Family 28 is most likely related to age and is less likely to be the predictor for AD,
especially because the family did not use anti-inflammatory medications to manage their
osteoarthritis.
Neuropsychiatric Manifestations
Research identifies certain types of neuropsychiatric symptoms that are likely to
manifest in AD with significant inconsistencies as to the type of symptoms, severity and
frequency of symptoms. The most validated syndromes among AD include depression,
psychosis, and sleep disturbances (Meeks, Ropacki, & Jeste, 2006). Symptoms may
cluster into depressive syndromes, psychotic syndromes, disorders of function (e.g.,
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disorders of sleep) or disorders of behavior (e.g., hitting, wandering) (Tun, Murman,
Long, Colenda, & von Eye, 2007; Tun, Murman, & Colenda, 2008).
Awareness of the significant number of neuropsychiatric characteristics
manifested in Family 28 was not known. Fish~r's exact statistical analysis of
neuropsychiatric characteristics identified an increased frequency of several behavior
characteristics that demon~trated significance. The primary neuropsychiatric
manifestations identified in Family 28 were related to hallucinations/delusions, a resistive
nature or stubbornness, changes in personality, poor judgment, insomnia, and a need to
perform repetitive activities. Personality change can be associated with aging but more
significant changes are neuropsychiatric in origin (Lautenschlager & Forstl, 2007)
Especially absent in Family 28 were depressive symptoms and apathy, which did
not manifest as significant clinical manifestations. Depressive symptoms and apathy are
commonly found in AD. Family 28 also did not manifest significance in clinical
manifestations of wandering, impulsiveness, or negative sundown behavior. These
symptoms, if present, have an especially adverse impact on the quality of the relationship
between the affected family member and the caregiver (Tun et al., 2008).
Clinical manifestations of neuropsychiatric behaviors represented a significant
clinical phenotype for Family 28 as revealed by measurement of frequency.
Unfortunately because of the large number of variables and small sample size logistic
regression was not able to demonstrate useful results or demonstrate significance.
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Transient Receptor Potential Cation Channel, Subfamily C, Member 4 Associated Protein
(TRPC4AP)
The GeneChip® 500 K Mapping Array Set was used to conduct microarray
analyses using DNA from two extended pedigiee families. The genome screen
contributed invaluable data for genetic analysis. The genetic data revealed significant
SNPs in the gene TRPC4AP on chromosome 20q 11.22. Haplotype analysis further
revealed evidence that mutations within the TRPC4AP gene may be causative for AD in
family members.
Most genetic studies of late-onset Alzheimer's disease that focus on genome-wide
association studies involve analyzing several hundred to thousands of samples. The study
by Poduslo et al. (2008) used samples from Family 28 and an additional large extended
family who displayed a pedigree with multiple affected members with late-onset AD.
Sequence analysis further identified several SNPs in the candidate gene TRPC4AP that
were significant, after Bonferroni correction. All 5 affected siblings in Family 28 and
3 unaffected siblings in the family exhibited the same haplotype. Unaffected siblings with
the same haplotype of their AD affected siblings were younger in age and do not
currently have any cognitive problems.
Knowledge of which family member carries the gene cannot be released because
the research protocol is specific in that there will be no individual feedback provided on
DNA results. As an additional precaution, knowledge of which family members carry the
haplotype had been scrambled so that the information may not be inadvertently revealed.
At the present, except for ongoing screening to identify AD early, there is little
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therapeutic intervention that may assist the family members who carry the identified
haplotype.
Implications are significant in that substantial benefits may be realized by
continuing to explore the clinical phenotype in.'large families. Knowledge of the entire
clinical phenotype and genotype may provide hope that new genes may be identified,
which may be involved in the pathogenesis of complex diseases, such as AD (Poduslo et
al., 2008). Identification of genetic variations offers potential for research and possibly
new treatment targets.
Adequacy of Protection against Risks
Interviews were conducted in the family member's home or in a private area.
Written consent to participate was obtained from each family member on the initial
participation in the interview process. At subsequent interviews, although multiple family
members were present for the interview, there was implied oral consent to share any
additional information. Interview information discussed was common to the family. No
discussion of family information was mentioned outside the context of the interview.
Appropriate consent forms were obtained prior to interviewing and no information was
released to any third parties. Because data was collected concerning the affected siblings
with AD, written permission from the guardian was obtained prio~ to speaking to
informants who were not the guardian. Informed consent forms were approved by the
IRB. The family members were instructed that he/she could chose to withdraw at any
time, although no one did.
Individuals were comfortable with their current health status and did not require
referral to either a physician or the Memory Disorders Clinic. Interviews centered on

Clinical Phenotype of Alzheimer's Disease

113

collection of factual information with the researcher as active listener. The researcher did
not attempt to serve as counselor or give advice in any medical or nursing capacity.
All medical records, results from assessments, and evaluations were secured in
t;

locked cabinets in a secure area. Access to the records was by key only and only
authorized individuals assigned to the laboratory had access to the area. No results from
genetic testing were available to any family member or informant. Genetic testing results
were used for research purposes only and results from genetic analysis will not be
released.
Limitations of the Study
A major limitation of the study relates to the subjective nature of much of the data.
Although data were subjective, use of a wide variety of family members to verify data
contributed to a belief that the history collected represented a reliable data set. The
interviews using multiple family members, further, improved the accuracy and
completeness of the data, eliminated missing data, and added to the reliability of the data
set. Inclusion of multiple family members at each interview minimized discrepancies,
since family members usually resolved differences and reached consensus during the
interview process.
Although most interviews used two researchers to record interview data, ideally,
tape recorded interviews could have contributed to insuring the accuracy of the interview
data. However, the researcher still believes that the absence of the tape recorder
contributed to development of the relationship between the researcher and family
members. The researcher served as the only coder for the interview data but information
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coding should have used multiple coders to ensure the accuracy of the subjective data
recorded._
On multiple occasions the transcribed histories found in Appendix C, Personal
Histories of Alzheimer's Disease Affected Family Members, was provided to the family
members. Each family member was given an opportunity to change any incorrect
information in the summary. However, family members usually expounded on the
information from the summaries and no discrepancies were identified during this process.
No genetic information was included in the interview summaries provided to the family.
The researcher identified as unaffected those unaffected siblings, who were
generally younger than the average age-of-onset. There are significant implications in
labeling those family members as unaffected, especially with genetic evidence that
potentially identifies three unaffected family members with a haplotype that could be
causative for AD in this family. Obviously, analysis and interpretation of statistical
results would definitely be impacted if additional family members become affected with
AD. Continued observation of family members should track changes in the family.
Small sample size and the large number of variables contributed to the inability to
identify significant variables. Logistic regression was not able to identify a specific
phenotype with certainty, thus it was not possible to identify predictors for AD in Family
28.
Although logistic regression was unable to identify predictor· variables the
research did identify that neuropsychiatric clinical manifestations were an important
component of Family 28's phenotype. Hallucinations/delusions, a resistive nature or
stubbornness, changes in personality, poor judgment, insomnia and repetitive activities

\
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were significant for Family 28. Equally important was that depression and apathy were
not significant clinical manifestations; nor were wandering, impulsiveness, or
sundowning behaviors significant. A more comprehensive understanding of the clinical
'"

phenotype may have a greater likelihood to identify interventions to support the family.
·In addition, analysis was limited to one family; therefore, the results of the

findings cannot be generalized to the general population and are only specific to Family
28. Even though the results may be limited to this one family, the genetic associations
may be present in other families. Analysis of additional families enrolled in the
Alzheimer's Disease DNA Bank may present with similar phenotypes and genotypes and
it may be possible to identify significant correlations.
The interviews collected a massive amount of information related to developing a
phenotype. From a research perspective, the time to conduct the interviews was
extremely time-consuming, thus the PHQ should be shortened to limit the time to conduct
interviews but still be able to collect the essential clinical manifestations. The
characteristics do not need to be assessed over time; rather families can be queried for the
presence or absence of a characteristic or manifestation. Ideally, the interview
questionnaire could be developed for the family to take home and discuss the answers
together, much like the family history questionnaire. However, if the family took the
questionnaire home, the support and cohesiveness of the group interaction may be limited,
In addition, the data may not be as reliable since there is a greater likelihood that the

questionnaire would be completed by a single family member.
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Strengths of the Study
The major strength of the research was in the family group interview process.
Families were encouraged to come together to engage in discussion and reminisce.
Although the goal was to answer the researcher's questions to determine a common
phenotype, family may have benefited from telling their "stories" to an active listener and
also benefited from an opportunity to interact with each other and openly discuss the
effect AD had on their family member. The interviews allowed family members to
acknowledge and receive emotional support from each other as each struggled to
understand the disease impact.
Family 28 kindred was an exceptionally compassionate family where individual
family members supported each other. They were also eager supporters of the research.
Although this family was an ideal family for this research, other families may not be as
engaging in discussion of their family history or in acknowledging the clinical
manifestations that impact the family.
Implications for Nursing in the Future
The importance of phenotype recognition, not just for AD but for many of the
chronic diseases, may provide new approaches to prevention and disease management,
even for diseases in which genetic factors play a relatively small role in causation or
progression. Recognition of the complex cascade of genetic and environmental
mechanisms involved in AD may help to identify risk factors for this disease where
nurses can promote a "healthy brain" and a healthy lifestyle. Nurses are essential to
provide the interdisciplinary support for the future vision to identify genes and pathways
that play a role in health and disease. In the future, informed nurses will be able to
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contribute to the expansion of known genetic and environmental variables and should be
a part of the interdisciplinary team that may be able to predict susceptibility to AD or
more importantly prevent AD.

Conclusi~n
Family 28's phenotype correlates with the presence of factors already identified in
the literature. Neuropsychiatric features were prominent phenotype characteristics that
demonstrated significance statistically. However, logistic regression was unable to
accurately identify predictors for AD in Family 28.
It is extremely rare to have an opportunity to work with a large extended family

with multiple generations affected with late-onset AD. It is also extremely rare to have a
single generation who all manifest a genotype of APOE4/4 and also appear to have lived
and shared a homogenous environment for more than sixty yea~s.
Prominent throughout the observations of the family interviews was recognition
that all within the Family 28 kindred were significantly committed to supporting this
research. The family continues to seek answers that will help them deal with the impact
of the disease on their family. They maintain a hope that someday someone will find a
"cure" for the disease that has robbed so much from their family. Without prompting,
family telephoned new information and changes that occurred within the family. Family
members frequently asked about the status of all the research conducted on AD.
It was a pleasure to work with this family. The researchers developed a bond of

trust and camaraderie throughout the research process. It is rare in research that the
researcher is given an opportunity to be invited and welcomed warmly into the homes of
family members to discuss painful and difficult life histories that represent the burdens
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and joys this family faces on a daily basis. The interviews gave family members an
opportunity to talk to an understanding professional willing to listen to the trials and
tribulations faced daily. Family 28 kindred were extraordinary in their extreme
willingness to contribute DNA for ongoing genetic analysis and for their willingness to
be a part of research. The researcher is extremely indebted to the Family 28 kindred.
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APPENDIX A. DEFINTIONS ASSOCIATED WITH GENETICS

Allele- One of the possible alternative forms of a gene (Jorde et al., 2003).
Candidate gene - A gene based on known properties or protein product that is believed to
be the gene causing a specific genetic disease (Jorde et al., 2003).

Chromosome- The thread-like structures found in the nucleus that carries genetic
information. Chromosomes are numbered 1 through 22, X or Y (Jorde et al.,
2003).

Deoxyribonucleic acid (DNA)- A helical molecule consisting of two strands of
nucleotides that is the primary carrier of genetic information (Jorde et al., 2003).

DNA sequencing - A technique for determining the nucleotide sequence of a fragment of
DNA (Jorde et al., 2003).

Dominant - An allele that is expressed the same way regardless if homozygous or
heterozygous (Jorde et al., 2003).

Gene- The fundamental unit of heredity (Jorde et al., 2003).
Genotype- An individual's genetic constitution at a locus. Genotypes influence
phenotypes, which can be influenced by multifactorial genetic environrilents (i.e.
genes at other loci whose products may interact with a specific gene or its product)
(Jorde et al., 2003).
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LOD score- LOD score is a statistical estimate of whether two loci (the sites of the genes)
are likely to lie near each other on a chromosome and are therefore likely to be
inherited together as a package. LOD stands for the logarithm of the odds (to the
base 10). A LOD score of 3 or more is generally taken that 2 gene loci are close to
each other on the chromosome. (A LOD score of 3 means the odds are 1000 to 1
in favor of genetic linkage) (Jorde et al., 2003).

Linkage - The tendency for alleles of different genes to be passed together from one
generation to the next. Only genes situated on the same chromosome can show
linkage. The closer together any two genes lie on the same chromosome the more
likely they are to show linkage (Winter, et al., 2004, p. 143).

Microarray - Arrangement of segments of DNA sequences, such as oligonucleotides
consisting of normal sequences, on silicone DNA chips. The oligonucleotides can
be hybridized to labeled DNA from subjects (e.g. Family 28) to test for sequence
variants, to sequence DNA, or to analyze gene expression patterns (Jorde et al.,
2003).

Molecular genetics - Study of the

~tructure

and function of genes at the molecular level

(Jorde et al., 2003).

Pedigree - An illustration of the relationships among family members, that can show
which family members are affected or unaffected by a genetic disease. A diagram
describes family relationships, gender, disease status, and other attributes (Jorde
et al., 2003).
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Penetrance - Probability of expressing a phenotype, given that an individual has inherited

a predisposing genotype. If the probability is less than 1.0, the disease genotype is
said to have reduced or incomplete penetrance (Jorde et al., 2003).
Penetrance, age dependent - Age-dependent penetrance describes disease phenotypes,

such as AD, that have a higher probability of occurrence as the age of the
individual with the at-risk genotype increases. Delaying the age of the onset of the
disease reduces natural selection against a disease gene (even if it is not known)
increasing its frequency in the populations. Age-dependent penetrance can cause
difficulties in deducing the mode of inheritahce of a disease because it is not
possible to determine until later in life whether an individual carries the disease
gene (Jorde et al., 2003).
Phenotype - The observed characteristics of an individual produced by the interaction of

genes and environment. Gene action is affected by biological and physical factors
in the environment; and multiple genes may determine a trait. When two or more
genes influence a trait, an allele of one of them may have an overriding effect on
the phenotype. A British geneticist and statistician, Ronald A. Fisher, proposed
that continuously varying traits are influenced by a large number of genes, each
segregating on different alleles, and that the traits are influenced by a host of
environmental factors, each having a small effect. This combination of genetic
and environmental factors creates a wide range of phenotypes thus explaining
multifactorial inheritance (Snustad & Simmons, 2000).
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Polymerase chain reaction (PCR) - A technique for amplifying a large number of copies
of a specific DNA sequence flanked by two oligonucleotide primers. The DNA is
alternately heated and cooled in the presence of DNA polymerase and free
nucleotides so that the specified DNA segment is denatured, hybridized with
primers, and extended by DNA taq polymerase (Jorde et al., 2003).

Proband- The first individual diagnosed in the pedigree; typically, an arrow on the
pedigree denotes the proband. The proband is the original family member
identified in the collection of DNA samples for the Alzheimer's Disease DNA
Bank.

Primer- An oligonucleotide sequence that flanks either side of the DNA to be amplified
by polymerase chain reaction or sequence (Jorde et al., 2003).

Principle of independent assortment - Genes at different loci that are transmitted
independently (Jorde et al., 2003).

Principle of multifactorial inheritance - Traits in which variation is thought to be caused
by the combined effects of multiple genes (Jorde et al., 2003).

Principles ofsegregation - Sexually reproducing organisms possess genes that occur in
pairs with only one member of the pair transmitted to the offspring.

Recessive- An allele that expresses the phenotype only if the individual is homozygous
for the trait (Jorde et al., 2003).

Single nucleotide polymorphisms (SNP) - describes a polymorphism (variation in
sequence between individuals) caused by a change in a single nucleotide. This is
responsible for most of the genetic variation between individuals (Jorde et al.,
2003).
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APPENDIX B. OPERATIONAL DEFINITIONS FOR DATA CODES
Variables Identified for Analysis
Age-of-onset

For purposes of this research and for consistency of the age-of-onset with
previous reported research, the original date identified for enrollment in the Alzheimer's
Disease DNA Bank will be used. Age-of-onset initially was determined in the medical
records as evidenced by test measurement, such as the Mini-Mental State Examination
MMSE, or clock drawing, or patient/informant description. Verification from two
informants or one informant and the medical record served to clarify age-of-onset.
Education Level

Education was identified as the highest grade level of education the family
member completed in school. Informants provided information on affected family
members and self-reported on themselves. The information was coded as (0) for 7th grade
or < or ( 1) for > than 7th grade education.
Osteoarthritis

Presence of osteoarthritis in affected family members was through a positive
response by family informants and when possible a diagnosis was confirmed through
medical record review. Family members not affected with Alzheimer's disease self
reported the presence or absence of osteoarthritis. Reported information was coded on the
data spreadsheet as (1) either present or (0) absent.
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Cardiovascular Risk Factors

Family members were interviewed on behalf of the affected family member for the
presence of cardiovascular risk factors related to a history of myocardial infarct,
congestive heart failure, irregular or abnormal heart rhythm, or other heart conditions.
Family members not affected with Alzheimer's disease self-reported on cardiovascular
risk factors. A positive history was coded on the data spreadsheet as (1) for present and (0)
if absent.
Cholesterol

A total blood cholesterol level above 200 mg/dl blood was characterized as
indicative of elevated cholesterol. Family members were interviewed on behalf of the
affected family member whether the affected member had ever been told he/she had
elevated cholesterol levels or took medications for elevated cholesterol. Elevated
cholesterol was by self-report for unaffected siblings but results were cross-referenced
with medical records in affected family members. Elevated cholesterol levels were coded
on the data spreadsheet as (1) for present and (0) if absent.
Blood Pressure

The standard criteria for hypertension were used to indicate either normal blood
pressure or hypertension. Normal blood pressure criteria include a systolic blood pressure
below 140 mmHg or a diastolic blood pressure below 90 mmHg. If either systolic or
diastolic were elevated then blood pressure was coded as hypertensive. Medication
history was also reviewed for evidence indicating the individual was prescribed antihypertensive medications. Unaffected family members self-reported. Elevated blood
pressure was coded on the data spreadsheet as (1) for present and (0) if normal.
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Neurological- Stroke, Transient Ischemic Attack (T/A)
Informant history and medical records provided information on the presence of
Parkinson's, tremors, epilepsy, tremors, migraines, or other neurological difficulties.
Affected family member's medical records were examined for reports from MRis, CT
scans or any other clinical references that implied the presence of brain ischemia or
unexplained loss of consciousness. Unaffected family members self-reported on history
of neurological problems. The presence of other neurological problems was coded on the
data spreadsheet as ( 1) if present or (0) if there was no evidence of a history of
neurological difficulties.
Medical History ofBlood Disease, Cancer, Diabetes Mellitus, Kidney Disease, Learning
Disability
Family members were asked about other significant medical history to include
cancer, diabetes mellitus, kidney disease, and any blood diseases. Medical records·of
affected family members were cross-referenced with laboratory results and a search for
prescriptions for oral hypoglycemics or insulin was accomplished. History of elevated
glucose criteria included elevated fasting blood glucose above 120 mg/dl or a history of
taking oral hypoglycemics or insulin. Self-report was used in unaffected siblings.
Presence of any of the factors was coded on the data spreadsheet as (1) if present or (0) if
none of the factors was present.
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Depression, Psychiatric Illness

Evidence of depression was examined in affected family members and also in
unaffected family members who self-reported. Family member informants were asked if
the affected family member was ever treated for depression or other psychiatric illness
either in a hospital or outpatient setting. Medical records were screened for clinical
reference reflective of depression and evidence of use of anti-depressant medications.
Unaffected family members self-reported on medications and history of treatment for
depression. Presence of depression was coded (1) if the symptoms were present or (0) if
no symptoms or treatment was obtained.
Prescription Medications, Analgesics, Anti-inflammatory Medications, Hormones

Medical records corroborated by family member informants provided information
on prescription medications, analgesics, anti-inflammatory medications, Tylenol, and/or
hormone medications. Generally, prescription medication history was used to crossreference to other medical history questions. If additional medications were taken other
than those categorized into previous questions the variable was coded as (1) if present or
(0) if no additional medications were taken. B12 and thyroid medications were coded
separately.
Vitamin B12

Medical records confirmed all affected family members had a B 12 deficiency
levels and that all received injections ofB12. By self-report none of the unaffected family
members had a diagnosis ofB12 deficiency. Data was coded as (1) if a B12 deficiency
was present and (0) if there was not a deficiency.
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Thyroid Deficiency
Medical records provided information related to hypothyroidism during the
lifetime of all affected family members. Unaffected family members self-reported on
presence or absence of thyroid disease. Presence of thyroid dis.ease was coded (1) and no
thyroid disease was coded as (0).
Vitamin C Supplement
Family member informants were asked about a history of taking Vitamin C
supplements on a regular ongoing basis both for themselves and the affected family
members. A regular history consisted of taking the over-the-counter medication daily for
a minimum of one year. If Vitamin C was taken the data was coded as (1) or if not taken
daily for at least one year it was coded as (0).
Vitamin E Supplement
Family member informants were asked about a history of taking Vitamin E
supplements on a regular ongoing basis both for themselves and the affected family
members. Medical records confirmed that affected family members received a minimum
of 800mg on a daily basis. Most affected family members had been receiving Vitamin E
for several years. Unaffected family members self-reported if they had a regular history
of taking Vitamin E daily for a minimum of one year. If Vitamin E was taken daily for
one year the data was coded as (1) or if not it was coded as (0).
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Tobacco Usage

Family member informants provided background information on the use of any
tobacco products during the affected member's lifetime. All of the affected family
members used cigarettes, cigars, pipe, chew, dip, or snuff for greater than ten years.
Unaffected family members self reported. If any tobacco product was used for greater
than ten years the variable was coded as (1) for yes tobacco products were used or (0) if
never used or used less than ten years.
Alcohol Usage

Family member informants were asked if the affected family member regularly
consumed alcoholic beverages, such as beer, wine, or liquor. Because moderate amounts
of alcohol have been shown to be neuroprotective, assessment of the amount of alcohol
was originally categorized as (0) none/occasional, (1) moderate (<3 drinks/day), and (2)
heavy (3 or more drinks/day) alcohol consumption. However, religious affiliation was a
factor in Family 28 and few family members consumed alcohol. Data was instead coded
as (1) if alcohol was consumed on a regular basis or (0) if minimal or no alcohol was
consumed. Unaffected family members self-reported.
Physical Activity

Family member informants were asked outside of work if the affected family
member participated in any type of physical activity for a minimum of one hour twice a
week. Examples given were walking or sports. Non-affected family members selfreported. If the family member participated the individual was coded as (1) and if no
additional physical activity the variable was coded as (0).
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Weight

AD patients frequently lose weight prior to the onset of the disease and continue
to lose weight. For this variable no measurement of weight was taken on either the
unaffected family member or the affected family member. However, references about the
weight of affected family members were cross referenced to the medical records and
further supplemented with examination of family photographs. Although the variable was
subjective, the question that was asked was associated with the average weight of the
family member over the lifetime. Was the family members weight normal for height or
was the family member overweight? Unaffected family members self-reported.
Overweight was coded as (1) and normal weight for height was coded as (0).
Diet

Diet varied over a lifetime and was difficult to assess. However, informant family
members were asked if most of the individual's lifetime was a healthy diet consumed or
one of a high fat and/or high sugar. Unaffected family members self-reported. Fat intake
was considered positive if the family member admitted to a diet of fast foods or
processed foods. High sugar diets were generally an admission to sweets, such as candy,
cookies, ice cream, etc. High fat and high sugar diets were grouped for purposes of
examining the variable. High fat/high sugar diets were coded as (1) and a generally
healthy diet was coded as (0).
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Behavioral and Cognitive Decline

Behavioral manifestations and cognitive decline were factors evaluated and
expected in all affected family members. The manifestation obtained from the family
history is provided in Appendix C. All of the affected family members exhibited
significant behavioral manifestations and evidence of cognitive decline. Coding was
primarily (1) if the manifestation was present and (0) if the manifestation was absent.
Whenever possible medical records supported the information relayed by family member
informants.
Variables excluded
The following variables were initially included among the number of variable for
analysis but were eliminated because responses were negative.
Parkinsonism

None of the siblings manifested symptoms of parkinsonism. Examination of
medical records, medication lists and informant discussion were unable to identify the
variable, thus it was not included.
Vitamins

The PHQ asks about several additional over-the-counter vitamins including,
multivitamin, Ginko Biloba, beta carotene, fish oil and hormones. However, almost none
of the family members took any of these vitamins, thus the variable was not coded or
included.
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Head injury with loss of consciousness

Informants and medical records provided a history of whether the patient had any
head injury with loss of consciousness in the patient's lifetime. None of the affected or
unaffected had a history of head injury.
Occupation

Occupations varied and family member informants could not provide enough
consistent background information about whether the family member's occupation was
primarily sedentary or included physical activity.
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APPENDIX C. PERSONAL HISTORIES OF AFFECTED FAMILY MEMBERS
In order to protect the privacy of the family members, all family members are
identified as male. The pronoun he or him is used to represent sex of the individual even
though several family members are female.
Personal History: Proband
Proband is an 83-year-old family member, who lived his early years on a farm in
the southern part of middle Georgia. He is the eldest of 15 children. He completed the
seventh grade, later married, and had four children. His spouse died at 48 years of age of
a cerebral hemorrhage. He was employed as an institutional food service worker.
Proband's father died from colon cancer. His mother died from a stroke but she was
believed to have some form of dementia.
Memory/LangUage Inventory: Proband
Proband's age of onset for Alzheimer's disease was reported as age 70 in the
medical records. However, the family history identified his first symptoms of the disease
as several years prior to that, with the first signs of memory problems as early as age 66
to 68 years. The initial symptoms were reported to be confusion and lack of ability to
attend to tasks.
The Mini -Mental Status Exam at the time of the medical diagnosis was 19 out of
30 possible points. The assessment revealed normal concentration but decreased
recent memory and fundamentals of knowledge. Proband was oriented to place, situation
and person, but not to the exact day or month. He exhibited a definite anomia (word
finding difficulty) for low frequency words and difficulty following serial commands.
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Orientation
Prior to retirement, Proband struggled with general orientation. He especially had
difficulty orienting to locations well known to him, including finding his home. He was
easily disoriented and family members were often required to locate him. By age 75,
Proband's disorientation and concordant anxiety increased to the point where he was
unwilling to leave his home. At 76, Proband was included in a family trip to Minnesota
where he became severely agitated and disoriented in the new setting. The anger
eventually culminated into thrashing and uncontrollable screaming, requiring the family
to return him home to familiar surroundings. Eventually, he became a "homebody",
rarely leaving the house.

Attention/Calculation
Around age 66, Proband had increased difficulty in managing money and
frequently bounced checks, which eventually required family intervention. At age 69,
attention difficulties were interfering with his ability to work. At one point, he entered his
work parking lot by car, exited the car, and the car rolled across the parking lot, striking
another vehicle. Proband showed no concern about the incident. Approximately one year
before retirement, his coworker, noticing his mental deterioration, assumed his job and
his duties, enabling Proband to continue working until his diagnosis and retirement at age
70.
Difficulties with attention also resulted in Proband repeatedly phoning family
members with no memory of just having done so thus forcing his family to take the
phone off the hook. Proband's housekeeping abilities diminished and by age 73, he
stopped doing all household chores. His house became extremely cluttered and he
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became argumentative if others attempted to remove the clutter. Clutter covered chairs,
furniture, even the bed, such that family members who came to visit could not find a
place to sit.
Registration/Understanding
Six months prior to retirement, Proband became progressively more confused and
unable to comprehend conversations or his surroundings. He became less engaged and
was no longer capable of interacting with others. He became virtually totally withdrawn.
Language/Naming/Talking
Proband was a quiet, non-talkative person but enjoyed the social interaction of
being with family, especially family reunions. After retirement, his language and social
interaction skills noticeably decreased. He sat alone and become disengaged in family
social interactions, stopped participating at family reunions and failed to recognize family
members. Initially, his family attempted to· engage Proband in the conversation. "Once in
a while" Proband talked of life more than 40 years earlier. Over time, even these brief
periods of conversation became less frequent. The family helplessly watched the
downward spiral of events as Proband progressively withdrew from his family.
After a fall, which necessitated surgical anesthesia to repair a broken hip, Proband
experienced a dramatic decrease in language skills. He began to experience hallucinations,
awakening at night screaming from nightmares. A second fall, two years later, resulted in
Proband's inability to walk. His social skills and language declined so that his speech was
unintelligible and incoherent. He had a pronounced inability to communicate, and was
unable to express even his most personal needs. The youngest daughter and her husband
moved in with Proband and attempted to manage his care at home but reluctantly selected
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nursing home placement, at age 80. Shortly after admission to the nursing home, Proband
became mute and stopped talking completely.
Language/Reading/Writing
Proband, an avid reader prior to age 70, gradually read less until he stopped
reading completely. Written notes were unintelligible and incoherent. Eventually, he even
stopped trying to write.
Parkinsonism
Proband had no recognized movement disorders or difficulty with parkinsonism
symptoms. He had a normal gait, although slow, and did not exhibit tremors.
Self-Care Activities
Self-care issues were a serious dilemma. In early years, Proband was meticulous
about personal care but as the disease progressed, he became completely unconcerned
about personal hygiene. He stopped bathing, wore the same .clothing for days on end, arid
adamantly refused assistance from family. Attempts to assist with hygiene were met with
an angry, aggressive verbal assault. Reluctantly, his family withdrew from offering
assistance, but his inability to maintain personal hygiene became a major factor in the
decision for nursing home placement.
Neuropsychiatric Inventory: Proband
Delusions/Hallucinations
Early in the disease, Proband experienced delusions and hallucinations and after
nursing home placement. They increased significantly. He frequently saw imaginary
family wandering through the house and became argumentative whenever questioned or
corrected. Proband hallucinated about seeing a baby in the house and engaged in
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incoherent, long unintelligible conversations with the baby. He commonly imagined
family members or strangers in the front yard. At night, he saw imaginary persons in the
house and often fought with an imaginary person while in bed.
Agitation .or Aggression

Proband's agitation and aggression toward his family was alarming, frequently
demonstrating unprovoked extreme anger and hostility, especially at night. Anger and
hostility also became extreme when in unfamiliar settings, such as was apparent during
the family vacation. The unfamiliar environment, produced behavior that manifested as
aggressive lashing out at his family and as incoherent screaming.
Depression or Dysphoria

When in familiar surroundings, Proband was quiet and unengaged in his
environment. In later years, he became withdrawn, and apathetic. His family believed his
withdrawn demeanor was an extension of the disease process and did not see him as
depressed.
Anxiety

Whenever Proband left the house, his anxiety became apparent, even though he
may have been gone only a short time, even to a familiar neighbor's house. His anxiety
progressed to severe agitation.
Elation or Euphoria

Proband demonstrated no elation, euphoria or mood swing behaviors. His moods
were usually excited, anxious, or agitated.
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Apathy or Indifference

Proband experienced significant apathy and indifference, which became more
severe after he broke his hip. His apathy and indifference eventually led to his becoming
so uncommunicative that he "shut down" all interaction with family members.
Disinhibition

Proband's usual personality and behavior was associated with being hurtful and
insulting to others. His frequent insensitive, "ugly" comments were especially directed
toward his daughters. Initially, family intervened to stop the verbal attacks but
interventions inflamed the situation and increased the comments. Eventually, the family
simply agreed with him or ignored his comments. As the Alzheimer's disease progressed,
his family believed that Proband became more loving, less aggressive, and less
argumentative.
Irritability or Lability

Proband had frequent uncontrolled moods. At age 79, he could not be dissuaded
from going outside in the rain, where he stayed for more than an hour before voluntarily
returning inside the house. His moods were frequently aggressive and agitated.
Judgment/Insight

Early in the disease, Proband, himself, suspected memory difficulties but his
awareness phase was very short, lasting less than a year. He had little insight into the
disease, his behavior or memory loss.
Motor Disturbance

Proband obsessed with playing with a bag, spending hours engaged in the ·
repetitive actions of removing items from the bag and then putting them back inside.
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After years of using smokeless tobacco dip, he was forced to quit when he broke his hip
and was hospitalized. However, he engaged in constant spitting, frequently spitting in
comer of rooms even though he had no dip in his mouth.
Nighttime Behaviors

Proband's lifetime preference was to stay up late at night. and sleep late in the day.
As early as age 66, he wandered at night and his behavior became more aggressive as
evening and nighttime hours approached. He never wandered during the day and was
most approachable during the day.
Appetite and Eating

Proband required encouragement to eat and eventually lost weight. Weight loss
continued after entering the nursing home until the weight finally stabilized.
Medical Health History: Proband
Proband's significant medical history revealed a history of osteoarthritis,
especially of the shoulder, managed with Tylenol as needed.
Neurological and cardiovascular health indicated a single episode of transient
ischemic attack {TIA), which manifested as a near syncopal episode lasting several
minutes without lose of consciousness. He had no other symptoms and no further
episodes of syncope or TIA. His CT scan and EEG were unremarkable.
He had a 20-year history of elevated cholesterol treated with anti-cholesterol
medications; he also took nitroglycerin for occasional chest pressure. A comprehensive
cardiac work-up and cardiac catheterization failed to reveal evidence of myocardial
infarcts or heart muscle disease. Chest pressure symptoms were not associated with any
diagnosed cardiac history.
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Proband had a 15-year history of vitamin B12 deficiency that was treated with
injections ofB12. There was no history of head injury, depression or psychiatric
disorders. Thyroid levels, glucose and blood pressure were within normal limits.

An MRI of the brain at the time of diagnosis revealed cerebral cortical atrophy
without presence of infarcts.
Life Style Factors: Proband
Proband was raised on a farm, after his marriage he became a homemaker, and
did not work outside the house. After his spouse died, he worked for ten years as a
kitchen worker at a large institution before retiring.
Proband engaged in limited physical activity because of family responsibilities.
Early in life, he walked for exercise with family, although he never walked alone. He
rarely strayed from the house and did not like to be away. His hobbies centered on
participation in family gatherings.
Proband had a love for sweets, and syrups and his daily diet included potatoes and
biscuits. Overall, he ate a high sugar and high fat diet throughout his life. Fifteen years
prior to the diagnosis of Alzheimer's disease, he reached a peak weight of 169 pounds.
He gradually began to lose weight, until after entering the nursing home where his weight
stabilized at 108 pounds. In later years, he showed almost no interest in food.
Other life style factors include a history of smokeless tobacco use throughout his
life. He used dip four to five times a day and only stopped when hospitalized with a
broken hip. There is no history of any alcohol use throughout his life.
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Latest events

Proband continued to decline in his disease. He lived one and one-half years in
the nursing home. Within six months, he was mute and uncommunicative. He was
bedridden for three months before his death, at age 82.
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Personal History: U
U is an 80-year-old homemaker and a cook at a large public institution. The third
eldest of 15 siblings, he lived his early years on a farm. He presently lives with one of his
children. U completed the sixth grade, later married and had seven children. His spouse
died from a stroke at age 65.
Memory/Language Inventory: U
U .experienced signs of memory difficulties at approximately age 70. His medical
diagnosis was established at age 72 years, when his memory disturbances were
significant enough to be taken to the physician for evaluation. U' s forgetfulness became
more pronounced, and his family became frustrated when he continually answered the
same question only to have him repeat it again a few minutes later.
U's initial medical evaluation revealed an MMSE score of27 of30. Detailed
description of the MMSE stated that he made mistakes in spelling "w-o-r-1-d" backwards
and was unable to give the exact date or the day. U knew it was October, that it was the
Fall, but could not recall the year. His speech was fluent and was able to recall three test
words, but only with cueing. U was independent for most of his activities of daily living
(ADLs).
A CT scan of the brain revealed mild age related volume loss with no evidence of
recent stroke, hemorrhage or enhancing lesion. A diagnosis of mild cogtJ.itive impairment,
possibly due to aging and/or related to cerebrovascular disease from a history of
hypertension and transient ischemic attack (TIAs) was assigned. U was then prescribed
Excelon.
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Three months later, U was hospitalized with a syncopal episode that occurred on
standing, resulting in a brief loss of consciousness. Vital signs revealed low blood
pressure and pulse. Physicians believed the episode was due to an increased dose of
Exelon taken that day. Excelon was discontinued and his cognitive status declined
drastically. His MMSE dropped to 25 of 30. Six months later, after an additional
hospitalization for pneumonia, U' s MMSE score was 20 of 30. He was diagnosed with
probable Alzheimer's disease, at age 72 and placed on Aricept.
Orientation
U became increasingly forgetful and easily lost. In spite of multiple prompts from
his daughter, he could not remember a recent conversation to meet her at a specific place.
Frequently, he did not appear, often he went elsewhere, thus necessitating family
searching for him. Although disorientation worried his family, safety became' more of a
concern. On one occasion, he left a gas heater on one evening and the entire next day. By
the time, his family went to his house; the temperature inside was "hot as an oven" with
U unconcerned and unaware of the situation.
On another occasion, U simply forgot he was supposed to go to work and stayed
at home.
Attention/Calculation
Several years prior to U' s diagnosis, he stopped using the telephone and has not
used a phone for several years. He could not grasp how to use it in spite of multiple
promptings from his family.
U was frequently overdrawn on his checking account resulting in bounced checks.
As early as age 65 U's bank statement was overdrawn by over $600. On multiple separate
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occasions, insurance payments and major bills would be unpaid A daughter finally
assumed responsibility for all finances.

Registration/Understanding
U was unable to carry on a conversation because of a lack of understanding and
comprehension. He interjected an occasional question, but did not remember the answers
and repeated the same questions minutes later. The television was on in the house, but he
could not discuss the programs he watched.
Prior to his retirement, U had difficulty grasping situations at work but stayed
employed until he was eligible for retirement, at age 72. He was easily distracted and
indifferent to social interactions, which was most apparent at church. At church, he
became disruptive and unable to participate in the service so that his family eventually
stopped going to church.
Language/lVaming/Tal~ng

U' s inability to recognize siblings and distinguish people and places deteriorated
until he was not able to recognize the most familiar of surroundings. His memory for
recent events lasted only minutes, forgetting he went to church only minutes after leaving.
He could not remember eating ice cream while still holding the ice cream in his hand.
Social interaction, talking and family involvement deteriorated rapidly.

Language/Reading
U had an early-diagnosed learning disability but enjoyed working puzzles and
"picture books". Six years ago, his interest in puzzles declined. Four years ago at age 70,
his leisure interest in puzzles was non-existent.
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Language/Writing

Six years ago (age 68) U' s writing became unintelligible. Three years ago, he
could sign his name if given a copy but otherwise did not write anything readable.
Presently he cannot sign his name.
Parkinsonism

U had no recognized movement disorders, tremors or difficulty with parkinsonism
symptoms. He had a "strong walk" and walked with a sense of purpose.
Self-Care Activities

U' s ability to provide self-care gradually diminished. Six years ago, ·u was still
able to drive, only needed a little help with his finances, was independent in performing
routine activities of daily living, and handled taking his own medications. Six months
later after two hospitalizations, one for a syncopal episode and other for pneumonia, he
could not write checks or manage finances, and could only perform basic activities of
daily living. His self-care ability declined so that one-year later, at age 73, he could not
dress himself and needed help with routine care ..
Neuropsychiatric Inventory: U
Delusions/Hallucinations

At age 69, U began experiencing the delusion that strangers and family were
stealing from him. The delusions and hallucinations intensified and he began to hear
voices and carried on conversations with imaginary children and cats.
Agitation or Aggression

U's family was progressively challenged to deal with his stubborn, resistive
personality. U was especially resistive to offers of personal care assistance. A son, who
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lives with U, mistreated the parent, drank alcohol excessively and offered minimal
assistance in cooking or caring for the house or his parent. Family believed his living
there compounded the home situation.
Depression or Dysphoria
The family denied a history of depression; however, his medical records indicated
a score of 12 on the Cornell Scale for Depression in De1;11entia (a score of eight or more
indicates depression). However, there was no indication of medication prescription for
depression~ U was prescribed Aricept.

Anxiety
Starting three years ago, U' s agitation and nervousness escalated to almost
continuous agitation over even the smallest concerns.
Elation or Euphoria
U did not exhibit any symptoms of elation or euphoria.
Apathy or Indifference
U was mostly sad and withdrawn, with his affect apathetic and indifferent. He did
not engage in his surrounding but would sit before the television, although his family
believed that he did not grasp the content of the programs.
Disinhibition
U acted impulsively, lashed out, and attempted to hit certain family members. He
became easily upset and responded with cruel, spiteful comments, especially if his family
attempted to offer him assistance.
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Irritability or Lability

U was especially impatient and aggressive with his family and prefers to be left
alone. When his family attempted to assist with personal care issues, he would hide his
clothes, swing his arms and attempt to strike anyone near.
Judgment/Insight

Early in the disease, U realized that "something" was happening to him. For more
than a year, he would pray that his memory would come back. Later, he seemed
unconcerned and was oblivious of memory or behavioral problems.
Motor Disturbance

Early during the disease, U started pacing and his pacing became progressively
more frequent over the last years. He paced as if he was lost, constantly looking for
something. However, his pacing was limited to inside the house. He rarely wandered
outside of the home.
Nighttime Behaviors

U had no evidence of increased inappropriate sundowning behavior or increased
confusion at night, but he did wander about the house at night. He became anxious and
afraid if he was left alone.
Appetite and Eating

U when well had a healthy appetite and maintained a normal weight of 135
pounds on his 5' 5" frame.
Medical Health History: U
U' s medical history revealed a history of osteoarthritis, especially of the shoulder
and hip, managed with Tylenol. He had a history of myocardial infarction and had a
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pacemaker implanted, approximately 5 years ago. Cholesterol and triglycerides were
within normal limits.
Neurological health included a single episode of transient ischemic attack (TIA),
believed to be associated with his medications. His CT scan of the brain was
unremarkable after the event, with no evidence of cerebral ischemia.
U had a 20-year history of hypertension, well managed with medications. He also
had a ten-year history of vitamin B12 deficiency, treated with injections ofB12. There
was no history of head injury, depression (other than mentioned earlier) or psychiatric
disorders. Thyroid levels and glucose were within normal limits.
Approximately, ten years ago, doctors excised a skin cancer from his neck
without recurrence. He took Vitamin E and Turns for at least ten years and hormones for
twenty years.
Life Style Factors: U
U worked the farm as a teen, and then was employed at a school to assist slow
readers. Later, U worked stocking shelves before becoming a cook at a large psychiatric
hospital. He retired after twenty years as a cook.
At age 15, U began using snuffbut quit nearly 20 years ago. He never consumed
alcoholic drinks of wine, beer or liquor. He had no history of head injury or psychiatric
illnesses. U was afraid to walk alone so rarely went anywhere unless someone was with
him. He loved Bible studies, word search games, and gardening.
U's diet consisted of high fats, and high carbohydrates. Because the son did not
cook, U consumed mostly fast foods from McDonald's, Burger King, etc. Other family
members tended to stay away. .

Clinical Phenotype of Alzheimer's Disease

179

Latest Events

U presently does not live in his own home. He rotates living between two
daughters. He usually stayed six months with one daughter before living with the other
daughter for six months. The sons do not visit and have little to do with their parent. U' s
personality has changed in that he is now combative, regularly uses profanity and takes
off his clothes. It has become extremely difficult to provide care. The two daughters are
at odds about nursing home placement. One daughter believes nursing home placement to
be the best option but the eldest daughter is unwilling to agree to placement.
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Personal History: W
W, age 77, was the fifth oldest of 15 siblings. He was born and raised on a farm in
a rural community in southern middle Georgia, completed the seventh grade, and was
married to his spouse for more than fifty years. Together they have three children.
Memory/Language Inventory: W
W began signs of forgetfulness ten years ago, but his memory loss intensified
after a "mini-stroke" six years ago. ACT scan of the brain, eight years ago indicated mild
generalized atrophy. W took Aricept and Namenda.
W lived at home with his spouse but his daughter lived next door and was able to
check on them several times a day. The spouse had an intact memory but was
handicapped with heart disease and significant vision impairment. The children visited
their parents regularly, prepared meals, cleaned and took care of the finances.
Orientation
W would get lost easily, even in his own home. Seven years ago, when with his
daughter, he became lost in a department store and became extremely agitated. He could
not be calmed until finally taken home.
W was easily lost in his own home and became adept at hiding his memory
difficulties. He stated he was going to the bathroom but then wandered in the direction
away from the bathroom.
Attention/Calculation
W was unable to use the phone for the last five years. If handed the phone, he
would hold it to his face, shout into it, and repeat a phrase several times over. On
occasion, he picked up the TV remote and talked into the remote as if it was the phone.
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W has not done housework for the last five years, although he constantly moved
objects throughout the house. He appeared as if he was involved in some household task
but did not accomplish any specific task. Family jokingly stated, "W is going to walk
himself to death".
W never had any concept of managing finances but was allowed to write checks
freely. The spouse handled all the finances. Four years ago, the spouse took the
checkbook away because W cashed checks and hid money. He found large amounts of
money throughout his house and in his wallet. Two years ago, W lost his wallet at a
Dollar General with $600 in cash. Because of the spouse's failing health, a daughter
handled the finances for both of them.
Registration/Understanding

W' s ability to comprehend his surrounding has deteriorated over time. Over the
last three years, he increasingly asked the same question repeatedly. He watched
"preaching" on television but he did not comprehend the content. For more than five
years he was unable to discuss specific content from the TV.
W worked briefly as a clerk at the dry cleaners. For the last six years he has not
been able to perform simple home management tasks.
Five years ago, on a family vacation, W wore the same clothes the entire time; in
spite of multiple attempts by family members to encourage him to change clothes. He
wore the same clothes every Sunday for several months. His involvement in church
activities diminished significantly. Four years ago, after participation in the same church
for 25 years, the couple stopped attending church.
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Language/Naming/Talking

W experienced increased difficulty speaking and now speaks infrequently. The
family became tearful, during the discussion, as they remembered times of sharing
conversations. They now feel "robbed" of those opportunities because they can no longer
share "small talk". The children miss the person the parent was before the disease.
Language/Reading

W cannot read the newspaper or his Bible. He cannot understand the news or
carry on a conversation.
Language/Writing

For the last five years, the children have done all the shopping with the spouse
making a list of the items needed. IfW was taken to the grocery store, he piled as many
as 10 tubs of butter in the "buggy". In the last three years, W can no longer write notes or
sign his name.
Parkinsonism

W did not have any difficulty with tremors, abnormal motor movements,
shuffling of feet, or difficulty getting out of the chair.
Self-Care Activities

Before Alzheimer's disease, W was meticulous about cleanliness and appearance.
For the last five years, he had to be encouraged to bathe, had no concept of wearing clean
matching clothes and wore the same clothes until his family would take them away.
For ten years, W has not been able to cook. Two years ago, he was able to set the
table with only a cereal bowl, but can no longer perform the task.
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Neuropsychiatric Inventory: W
Delusions/Hallucinations
\

W experienced no delusions or hallucinations.
Agitation or Aggression

W was not resistive to assistance except he did become stubborn when his family
attempted to get him to change clothes.
Depression or Dysphoria

W did not exhibit depression or dysphoria.
Anxiety

W became frightened and anxious whenever the spouse was absent from his
presence or if he left the house. He followed his spouse throughout the house but
otherwise rarely complained.
Elation or Euphoria

W was not excessively happy but appeared to be in his "own little world" as
though disengaged from his surroundings.
Apathy or Indifference

W was apathetic and oblivious to activities going on around him. Attempts to
include W in family activities were met with indifference.
Disinhibition

Prior to AD, W was friendly and outgoing, and frequently engaged in
conversation with strangers, especially children. However, in the last three years he was
more isolated and demonstrated no interest in others.
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In his early years, W dipped snuff, and then changed to tobacco chew but quit all
smokeless tobacco several years ago. Three years ago, W began imagining chew in his
mouth and started to spit in the house.
W became a "pack rat" and refused to allow family members to throw anything
away. He hoarded food and objects, and made it a challenge to keep clutter removed.
Irritability or Lability

When the three children were questioned about whether W was impatient or
cranky they remarked "No comment", implying that W was at times irritable. However, it
appeared that they did not want to speak negatively about their parent.
The major c~ange in his behavior was that W had been inseparable from his
spouse, had followed his spouse throughout the house, and had become anxious if the
spouse was not present. Within the last two years, he became indifferent and only
occasionally remembered to look for his spouse and seemed to forget about his spouse.
Judgment/Insight

For nearly a year early in the disease process, W seemed to be "somewhat" aware
that he had memory problems, but was adept at pretending there was no problem. Later,
he was indifferent and unaware of memory difficulties.
Motor Disturbance

W performed several repetitive activities. He constantly flicked his fingers and
thumbs and played with his fingers. His hands were constantly moving; he moved
constantly and rarely sat still. He spent hours rambling through a bag, checking the
contents as if looking for some unknown item.
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W constantly moved about inside the house and occasionally wandered outside
into the yard. Family keep the doors locked, thus making it difficult for him to go outside.

Nighttime Behaviors
W did not awaken during the night and exhibited no sundowning symptoms. He
napped during the day but the naps did not interfere with his regular bedtime.

Appetite and Eating
W would forget to eat and drink unless food was offered. When nutrition was
offered, he ate everything on his plate. If allowed to make his own plate, he would put
together "weird" combinations of food. W gradually lost 35 pounds.
Medical Health History: W
W's medical history revealed a history of osteoarthritis managed with Extra
Strength Tylenol. He had a history of hypertension and hypercholesterolemia, both
managed effectively with medication. Six years ago, W was admitted for a history of
recurrent episodes of weakness, near syncope and chest pain. Prior to this admission, he
had several emergency room visits for similar episodes and several admissions. He had
several cardiac catheterizations, but none revealed significant coronary artery disease. Be
had no documented arrhythmias but complained of weakness, which subsided with use of
Nitroglycerin (NTG). His weakness was finally attributed to his hypertensive medications.
Glucose levels were borderline but effectively managed with oral medications. A
history of gastroesophageal reflux disease was controlled with medication. He receives
injections for a B12 deficiency. Thyroid levels were within normal limits.
W had frequent headaches as a child, and continues with occasional headaches
that are managed with medication. Eight years ago, W had a "mini-stroke" but had a
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normal bilateral Doppler scan that showed no evidence of atheromatous plaque formation.
He was prescribed Coumadin. He has taken Aricept for four years and Namenda for two
years. He took no over-the-counter vitamins or supplements.
There was no history of head injury, depression or psychiatric illness.
Life Style Factors: W
W began dipping snuff tobacco at age fourteen and continued until age 63-64,
quitting one year before developing Alzheimer's disease. In the last several years he
began to use chewing tobacco but has not chewed for two years. W did not use any
alcohol products.
W' s occupation was to stay at home except for a brief time when he worked at a
Dry Cleaner. He did not engage in active physical exercise. Hobbies included working
with dried flowers, ceramics, crafts, and gardening. The last several years, he engaged in
no active hobbies and when encouraged to garden, forgot to water the plants.
His family attempted to provide W with a healthy diet; however, he wants fried
foods and craved sweets and would beg his family for candy and cakes. He ate well, if
reminded to eat.

Clinical Phenotype of Alzheimer's Disease

187

Personal History: X
X was the sixth oldest of 15 siblings, all born and raised in a rural community
where they worked on the family farm. He never attended school, could not read but
could sign his name. He married twice and had five children. He was married to his
second spouse for 26 years before he died in a nursing home from complications of
Alzheimer's disease at age 71. The spouse, children and siblings agreed to be interviewed.
Memory/Language Inventory: X
At age 66, the family brought X to the physician reporting that he was getting
more forgetful, and frequently entered the wrong room of his own house when hunting
for the bathroom. At night, X walked out in the yard looking for the bathroom. He
increasingly lost items and had no memory of events. An MRI revealed mild diffuse
cerebral atrophy. The medical records contained no neurological exam or memory
assessment. Nevertheless, a diagnosis of Alzheimer's disease was recorded for X.
Two years before X died and while at the nursing home, a medical exam
documented that X knew the name of the town and that that he was at the doctor's office.
X knew it was close to Christmas and that it was December but thought it was 1968. He
recalled 0 out of3 objects in 3 minutes and he had a definite anomia for low frequency
words. No MMSE score was recorded.
Orientation

X's earliest sign of Alzheimer's disease was at age 64, when he frequently got
lost on the job. On several occasions, he was unable to find the job site or the same hotel .
he had stayed at for years. He became lost on the job more and more frequently but
coworkers assisted him so that he continued to work until retirement at age 66.
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One year before retirement, at Thanksgiving, X failed to arrive at the family
gathering, which was less than a mile from his home. His family eventually notified the
police who found X later in the evening, several towns away.
Attention/Calculation

Because X had minimal education, he did not take responsibility for household
finances and his spouse assumed all financial responsibility. For several years prior to
retirement, he had difficulty doing small tasks in the home, could not use the telephone,
and gradually became less communicative. After entering the nursing home, he "went
downhill fast". He became uncommunicative and did very little for h~mself.
Registration/Understanding

At the nursing home, X w·andered from room to room visiting other residents,
unaware of his surroundings, was unable to recognize family when they visited, spoke
little and rarely watched television.
Although an active deacon in the church for years, as his memory difficulties
grew worse, he attended church less frequently and eventually quit four years before
nursing home placement.
Language/Naming/Talking/Reading/Writing

Although X was usually interactive, early in the disease, he ·had increasing
difficulty with naming objects. He could not identify the car he had owned for many
years, or even identify it as a car. In the nursing home, X's difficulty with naming objects
became more pronounced, he became gradually less communicative, his conversations
and interactions diminished until about one and one-half years before he died. At the time
of death, D was totally mute.
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X could not read, had no fonnal education and had a low understanding of
abstract events. His family attributed his difficulty to an abscess on his brain, at the age of
one year. After surgery, X developed a significant learning disability. He could not write
but could copy his signature. Later, he was unable to copy his signature.
Parkinsonism

X did not have difficulty getting out of the chair. He had a high step walk for all
his life. One other sibling also had a high step when walking. He did not exhibit tremors
or other abnormal motor movements.
Self-Care Activities

X refused to bathe, continually wore the same articles of clothing, and was
resistive if his family tried to encourage him. He needed help with all personal care issues,
which became ·burdensome and necessitated his family to consider nursing home ·
placement.
Neuropsychiatric Inventory: X
Delusions/Hallucinations

X imagined his stepchildren and grandchildren were "taking stuff out of the
room" and that his spouse was stealing his medications. His delusions began two years
before retirement. He hallucinated, often seeing his dead mother in the room.
Agitation or Aggression

X suffered from severe agitation throughout his life, attributed to a long history of
alcoholic hinging. Whenever he was drinking, the family kept their distance. Even though,
X quit drinking 10 years before his death, the behavior he displayed as AD progressed
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reflected the behavior of his early drinking years. His family was afraid of him, and many
stopped visiting and avoided him.
Depression or Dysphoria

X has no diagnosed history of depression or psychiatric disorders.
Anxiety

X was frequently anxious and agitated, especially with the female members of the
family. He enjoyed the company of a few male family members who took him riding in
their truck or traveling to the hardware store on errands.
Elation or Euphoria

Most of the time, X had a pleasant personality among non-family members. He
never met a stranger at church or in the community. However, in later years, he exhibited
anger directed to family but eventually as he became uncommunicative he was
withdrawn.
Apathy or Indifference
In later stages of the disease, X was extremely apathetic. He withdrew from

taking care of his personal hygiene and showed no interest in his surroundings. He
ignored his family and would become agitated if encouraged to participate in any way.
Disinhibition

Family denied that X exhibited a loss of inhibition but the comments and
characteristics described demonstrate he was quick to lash out at family members with
his angry tone. Perhaps family attributed the behavior to a normal common behavior
exhibited especially during his drinking years.
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Irritability or Lability:

He exhibited irritability most of the time, becoming most noticeable two years
before retirement.
Judgment/Insight

X lacked insight into the effect the processes of Alzheimer's disease. He exhibited
poor judgment, probably compounded by a low education level and his learning disability.
Motor Disturbance

X displayed repetitive pacing, especially in his last 3 years. He paced throughout
the house, wandered outside the home in the yard, through the neighborhood, and
occasionally wandered down the road getting lost. The pacing increased after entering the
nursing home.
Nighttime Behaviors

X exhibited significant sundowning. He slept little and paced throughout the night,
frequently disturbing his family. His sundowning personality was semi-pleasant and
limited to wandering. On several occasions, at night he went outside in the rain and could
not be encouraged to come inside. X stayed out of the house for at least one hour or more.
Appetite and Eating:

X was a large individual, over 6'1" tall weighing over 200 pounds. On average,
he ate healthy foods throughout his life and generally maintained his weight. On entering
the nursing home, he ate less and eventually lost weight.
Medical Health History: X
X' s medical history revealed no history of inflammatory conditions,
cardiovascular, renal or gastrointestinal disease. His thyroid and cholesterol levels were
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within normal limits throughout his lifetime. His blood pressure remained normal.
However, six years before his death, X had a borderline normal fasting blood sugar (FBS
--120 mg%) that was controlled with oral hypoglycemic medications. In addition, he had
a B12 deficiency successfully treated with monthly B12 injections. He was prescribed
Aricept and started on non-prescription Vitamin E and a multivitamin after ent~ring the
nursing home.
X had no history ofhead injury. At oneyear of age, X ha~ surgical removal of a
brain abscess but continued to have headaches most of his life. TP.e abscess may have
contributed to a significant learning disability.
Life Style Factors: X
X began to use chew at age fourteen and frequently smoked cigars but never
cigarettes. He quit using all tobacco products one year before entering the nursing home.
X drank heavily, primarily liquor, most of his life. His family reported that X was
paid on a Friday and would be gone until Sunday, returning intoxicated and verbally
abusive to the family. When sober he had a pleasant personality. X quit drinking one year
before entering the nursing home.
X worked as a tile maker until age 30 and later worked for the forest service,
where he drove a tractor to build firebreaks and clear underbrush. Later, X directed crews
to lay communication lines in rural communities. He frequently traveled with both jobs.
Because X participated in heavy manual labor type work associated with his job,
he did not engage in alternate physical activities, nor did he have any hobbies. Mostly, X
enjoyed people and helping others.

\
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X was very well respected in the community and served as Deacon in the church
and was elected County Commissioner where he served for several years. X eventually
had a county road named after him.
Latest Status

One year after retirement, X entered a nursing home where he remained four
years. Six months before his death, he was wheelchair bound and uncommunicative.
Three weeks before death, X was bedridden and died from complications of his
Alzheimer's disease at age 71.

Clinical Phenotype of Alzheimer's Disease

194

Personal History: Y
Y, a 74-year-old family member, is seventh of 15 siblings, all raised on a farm in
rural southern Georgia. He completed a fifth grade education, married and had four
children. Y worked as a clerical worker and later as a nursing assistant for a large
psychiatric hospital. Y' s spouse died at age 72, after a major seizure.
Memory/Language Inventory: Y
Y became forgetful and misplaced items at home at age 66, before the spouse died.
Medical documentation for age of onset for AD was age 68, at which time Y could still
drive, socialize without difficulty, could still dress and bath and did not demonstrate
language disturbance. However, his family assumed responsibility for paying bills
because of frequent delinquent notices. No MMSE score was recorded. He was placed on
Aricept. Two years later, at age 70, his MMSE score was 21 of30.
Orientation

Y's major presenting symptom was difficulty with orientation and getting lost. He
became lost while at his granddaughter's house and again at her daughter's house. At age
68, he was lost in his hometown where he drove for hours before he eventually arrived
home. His family remained reluctant to take away his keys, but no longer allowed Y to
drive.
Attention/Calculation

Y could no longer use the telephone and cannot maintain the home. He left clutter
and garbage everywhere, which prevented him from sleeping in his bed. He spent most of
his time in one uncluttered chair, where he also slept at night.
Y seemed to have no concept of handling money even to make small purchases.
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Registration/Understanding

During family events, Y repeatedly asked the sam~ questions during
conversations, did not remember the conversation, and in social situations rarely initiated
or engaged in two-way conversation. He attended church sporadically and at age 69,
stopped attending church completely. He kept television turned to the religious channels
but he could not relay any program content.
By age 71, Y became subdued and withdrawn in a crowd and developed a distant
"flat look". He no longer cooked, no longer had family over, and engaged in minimal
conversation.
Language/Naming/Talking

Increasingly Y had to be encouraged to attend family activities and if present did
not interact with family. He remained very quiet throughout the day. Occasionally, his
family elicited some events from his long-term memory. He stopped asking questions,
could not recognize his siblings during visits, expressed no. concern or emotion during
visits, and had no recollection of the visit. He expressed no emotion or sadness at the
funeral for a favorite aunt.
Language/Reading/Writing

During Y' s lifetime, he read often, and when taken shopping would buy books.
However, the books remained unread among the piles of clutter.

Earlie~

in his memory

difficulties, Y wrote notes but then lost them. When shopping, he bought numerous
duplicates of household items cluttering the house.
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Parkinsonism

There was no evidence of movement disorders and no evidence of parkinsonism.
He has a pronounced, slow, high step gait.
Self-Care Activities

Self-care related to bathing and cleanliness was "non-existent". Family was
challenged to get him to bathe, especially because he was frequently incontinent of urine
and refused to change a diaper pad, which he wore for days until forced to change it. He
becomes agitated and resistive to family attempts to offer help.
Neuropsychiatric Inventory: Y
pelusions/Hallucinations

Y hallucinated that strangers climbed into the house and would steal his food and
clothes. He believed people were looking into the house through the windows and would
frequently have detailed (although unintelligible), conversations with different imaginary
people. He rarely attempted to converse with family members.
Agitation or Aggression

Y had a usual stubborn, independent, resistive personality heightened so that he
became aggressive and belligerent to any family.
Depression or Dysphoria

Y' s family denies a history of depression. Medical records did not indicate
treatment or counseling for depression. However, Y did take a mild antidepressant,
prescribed for difficulty dealing with a loud, abusive, alcoholic spouse.
Anxiety/Elation/Euphoria

Y exhibited no nervousness, anxiety, or episodes of excessive elation or euphoria.
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Apathy or Indifference
Y exhibits significant apathy and indifference. He did not interact with family
members, demonstrated little emotion and refused to allow family to be involved in his.
care.
Disinhibition
Y impulsively directed a barrage of angry upsetting comments to family members.
He especially directed his comments toward his daughters.
Irritability or Lability
Y was impatient and irritable whenever rushed but his irritability has heightened
over the last 4-5 months. His family became at a lost to know how to deal with him.
Judgment/Insight
Y has never acknowledged a memory problem and blamed his memory and
behavioral problems on his age; saying, "I'm 74".
Motor Disturbance
Y repetitively picked at his face, scratched at self-inflicted sores on his face and
repetitively gnawed on his fingernails.
Nighttime Behaviors
Y did not exhibit sundowning, did not take naps during the day but liked to sleep .
late, frequently arising late morning. His sleep habits were similar to his routine sleep
habits throughout his life.
Appetite and Eating:
Y ate well, had a good appetite, but ate high fat, high carbohydrate meals
prepared by the family. He was slightly overweight for his height.
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Medical Health History: Y
Y had a history of osteoarthritis treated with Tylenol and a history of
hypothyroidism, and B 12 deficiency treated with replacement medications.
The system review showed no other significant abnormalities. Neurological and
cardiovascular histories were unremarkable, except for mild hypertension, well managed
with medication. There was no history of stroke or coronary artery disease. Glucose and
cholesterol levels were within normal limits.
Surgical history included a gastric bypass in the 1960s. He remained slightly
overweight for his height at 186 pounds. He suffered from chronic diarrhea after eating,
controlled with Pepto Bismol and Imodium.
Lifestyle Factors: Y
As a child, Y was diagnosed with a learning disability. He dropped out of school
after completing the 5th grade. There was no history of head injury or depression.
Y used snuff beginning as a teen and continued throughout adulthood. He stopped
at age 69 but never smoked cigarettes or used any other tobacco products. He did not
drink wine, beer, or any alcoholic drinks.
As a youth, Y worked the fields, later married and stayed at home several years.

In his mid thirties, he worked as a clerical worker and nurse's aide at a large state
psychiatric hospital before retiring at age 55.
Y enjoyed family activities and had no special hobbies, leisure activities. He did
not engage in physical exercise other than normal work.

Clinical Phenotype of Alzheimer's Disease

199

Y's diet consisted of high fat, high sugar foods. An average daily diet would
include fried eggs with cheese, hamburger and/or a cheeseburger. He loved biscuits,
bread and any starchy food.
Latest Status

At age 75, Y was placed in a nursing home with his consent. His two daughters
visited regularly and reported that he appeared to be happier and that his personality
mellowed. He was a "sweeter person" and less agitated. He remembered the names of the
family members, although he did not recognize them when they visited. He had minimal
physical limitations. He refused to sleep in the bed and slept in a recliner.

