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18(4) 351-357, 1997.—Alzheimer's disease is a relentlessly progressing dementing disorder. Major pathological hallmarks include
extracellular deposits of amyloid protein and intraneuronal neurofibrillary changes. No remissions occur in the course of the disease.
Initial amyloid deposits develop in poorly myelinated areas of the basal neocortex. From there, they spread into adjoining areas and
the hippocampus. Deposits eventually infiltrate all cortical areas, including densely myelinated primary fields of the neocortex (stages
A-C). Intraneuronal lesions develop initially in the transentorhinal region, then spread in a predictable manner across other areas
(stages I-VI). At stages |-Il, neurofibrillary changes develop preferentially in the absence of amyloid deposits. A proportion of cases
shows early development of amyloid deposits and/or intraneuronal changes. Advanced age is thus not a prerequisite for the evolution
of the lesions. Alzheimer’s disease is an age-related, not an age-dependent disease. The degree of brain destruction at stages IlI-IV
frequently leads to the appearance of initial clinical symptoms. The stages V-VI representing fully developed Alzheimer's disease are
increasingly prevalent with increasing age. The arithmetic means of the stages of both the amyloid-depositing and the neurofibrillary
pathology increase with age. Age is a risk factor for Alzheimer’s disease. © 1997 Elsevier Science Inc.
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THE insidious onset of Alzheimer’s disease (AD) is characterizedThe material included cases from all the affiliated University
by a subtle decline in memory functions. As time passes, changedinics. It did not originate in special gerontopsychiatric institu-
in personality, deterioration of language functions, and eventuallytions and does not correspond to such preselected material as
motor dysfunction are added to the initial symptoms. The graduamight have been provided by a Department of Neuropathology. All
progress in the clinical picture mirrors the development of AD-cases received by our laboratory during this time period were
related brain destruction. Major pathological hallmarks includeexamined for AD-related changes. The relatively few cases below
extracellular deposits of Bramyloid protein and intraneuronal ipe age of 25 and above the age of 95 were excluded from the
neurofibrillary changes. The predictable alteration in the patternstudy_ The material was checked for, but did not include, cases
and severity of the pathology permits the distinction of stages inyit, "giseases known to be associated with the development of
amyloid-deposition (A-C) and neurofibrillary changes (I-VI) o ofibrillary changes but different from AD (Down’s syndrome,
‘fype C of Niemann-Pick disease, subacute sclerosing panencepha-
r]itis, progressive supranuclear palsy, corticobasal degeneration).
aged cases at our disposal from prospective studies on the
velopment of Alzheimer's disease were not included. Age
distribution and the number of cases permit division into age
categories encompassing a range of 5 years. The number of cases
MATERIALS AND METHODS and the male or female predominance in each age category is
A total of 2,661 brains obtained at autopsy was examined indisplayed in Table 1 and Fig. 1.
this study. The brains were collected between 1986 and 1996 and Brains were fixed by immersion in a 4% aqueous formaldehyde
were sent by three Departments of Pathology and one Departmensolution. Blocks of tissue including anteromedial portions of the
of Forensic Pathology belonging to three Universities in Germanytemporal lobe were removed at the mid-uncal level, and portions of

amyloid-depositing, and neurofibrillary changes) have not bee
sufficiently explored. Goal of this study is to partially fill in these
gaps in knowledge through assessment of nonselected autop
cases using a staging procedure for AD-related lesions.

1 Request for reprints should be addressed to Heiko Braak, Department of Anatomy, J. W. Goethe University Theodor Stern Kai 7, D-60590 Frankfurt,
Germany.
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TABLE 1 and were achieved without knowledge of clinical and pathological
RELATIVE FREQUENCY OF FEMALES AND MALES IN THE MATERIAL data or age and gender of the individuals (8,10).
EXAMINED
RESULTS
Total

The proportion of cases exhibiting no amyloid deposits or

Age Caregory Female Male Number neurofibrillary changes decreases with advancing age (Figs. 2 and
26-30 19 (31%) 42 (69%) 61 3, upper row). Neither amyloid deposits nor neurofibrillary
31-35 25 (43%) 33 (57%) 58  changes necessarily accompany old age. The evolution of amyloid
36-40 36 (43%) 47 (57%) 83  depositsis shown in Fig. 2 and Table 2. The subpopulations devoid
41-45 28 (36%) 50 (64%) 78  of neurofibrillary changes are represented by the blank areas in the
46-50 42 (33%) 87 (67%) 129  columns in Fig. 2, and the dark areas indicate the subgroups
51-55 61 (37%) 104 (63%) 165  expressing any degree of neurofibrillary changes. Figure 3 and
56-60 66 (29%) 158 (71%) 224 Table 3 are similarly designed and display the evolution of
61-65 91 (37%) 157 (63%) 248  neurofibrillary changes. Here, the blank areas stand for the
66-70 147 (49%) 153 (51%) 300 subgroups devoid of amyloid deposits and the dark areas represent
71-75 146 (50%) 144 (50%) 290 the subgroups exhibiting them.

76-80 160 (51%) 155 (49%) 315

81-85 234 (58%) 171 (42%) 405  Amyloid Deposits

86-90 153 (65%) 82 (35%) 235 . . . . S
91-95 50 (71%) 20 (29%) 70 Cortical deposits of amyloid protein appear gradually, distrib-

uted more or less symmetrically, at specific predilection sites.
1258 1403 2661 Initially, extensive cloud-like formations with ill-defined bound-
aries appear. With advance of the disease, they are replaced by
sharply outlined globular plaques of variable sizes. Intensely
stained plaques occur preferentially in neocortical layers Ill and
Va. Layers containing a myelinated plexus (IV and Vb) generally
the occipital lobe were cut perpendicular to the calcarine fissureshow less dense precipitations. Subpial portions of layer | contain
The blocks were embedded in polyethylene glykol and cut atconfluent plaques, and layers Il and VI are frequently free of
100 wm. Three staining techniques were applied. The aldehydé&leposits. Often, band-like precipitations are seen in the outer and
fuchsin-Darrow red method was used for topographic orientatiorinner pyramidal cell layers of the hippocampal CA1 sector and in
(7,12). Modern silver techniques taking advantage of physicalayers preg and prey of the entorhinal region. The number of
development of the nucleation sites were applied: a silver-iodideleposits increases until a certain level of density is reached. Even
technique for neurofibrillary changes and argyrophilic grains, andét maximum density, a notable amount of the gray matter remains
a silver-pyridine method for amyloid deposits and Lewy bodiesfree of deposits. An inverse relationship is observed between the
(9,12,15,23). These techniques demonstrate the pathological méegree of myelination and the density of amyloid deposition, with
terial reliably, even if the tissue has been stored for decades iparsely myelinated cortical areas and/or layers displaying a
formaldehyde. The results obtained by applying the advancedenser depositing than those rich in myelin (13).

silver techniques for neurofibrillary changes and amyloid deposits

are nearly identical to those seen in immunostained sections fostages in the Evolution of the Amyloid Deposits

AB-protein and abnormally phosphorylated tau protein (9,13,23).
Diagnoses of stages in the development of amyloid deposits angf
neurofibrillary changes were performed using published criteriaalr

Three stages can be distinguished in the gradual development
cortical amyloid deposits (8,10). Typically, the initial patches

e seen in the basal neocortex, most frequently in poorly myelin-
ated temporal areas such as the perirhinal and/or ectorhinal fields
(stage A, Fig. 2, second row). Some individuals develop initial
deposits in young adulthood. The depositions increase in number
and spread into the adjoining neocortical areas and the hippocam-

Relation between malesH® and femalesO (n=2661) pal formation (stage B, Fig. 2, third row). At this stage, the
perforant path is decorated with deposits as it pierces the subicu-
100% lum and travels through the molecular layers of CA1 and the fascia
dentata. Eventually, deposits are found in all areas of the cortex,
80% 1 including the densely myelinated primary areas of the neocortex
S (stage C, Fig. 2, fourth row). The diagrams of stages A to C show
g 60% a shift towards higher age-categories (Fig. 2). The prevalence of
o . stage C cases increases with age. More and more individuals arrive
© 40% 1 at a higher stage of amyloid-depositing with advancing age. The
e 20% | arithmetic means of the relative frequency in the occurrence of
° amyloid-stages increase with age (A1, B = 2, C = 3; Fig. 4,
0% | upper portion of the right half).
age 30 40 50 60 70 80 90

Neurofibrillary Changes of the Alzheimer Type

FIG. 1. Diagram showing the relative frequency of females and males in  Neurofibrillary tangles (NFTs), neuropil threads (NTs), and
each age category. In higher age categories, the predominance of malesaggyrophilic dystrophic neurites of neuritic plaques (NPs) are
replaced by a gradual increase in the proportion of females. different types of the intraneuronal changes. In general, the first
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Development of amyloid (n=2661)
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FIG. 2. Development of amyloid deposits in 2,661 nonselected autopsy cases. The first line displays the
frequency of cases devoid of changes in relation to the total number of cases in the various age categories. The

second, third, and fourth lines are similarly designed,

and show the evolution of the AD-related changes. The

dark areas of the columns refer to subgroups showing the presence of neurofibrillary changes.
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Development of neurofibrillary changes (n=2661)
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FIG. 3. Development of neurofibrillary changes in 2,661 nonselected autopsy cases. The first line displays
the frequency of cases devoid of changes in relation to the total number of cases in the various age categories.
The second, third, and fourth lines are similarly designed, and show the evolution of the AD-related changes.
The dark areas of the columns represent the subgroups displaying amyloid deposits.
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TABLE 2 Stages in the Evolution of the Neurofibrillary Tangles and

NUMBER OF CASES AT AMYLOID-STAGES A-C OR DEVOID OF Neuropil Threads
AMYLOID DEPOSITS IN VARIOUS AGE CATEGORIES

The intraneuronal changes develop at specific predilection

Age Stage Stage Stage Total sites. From there, the changes spread in a predictable manner
Category  No Change A B € Number — across the cerebral cortex. Six stages can be distinguished in the
26-30 60 (10) 1) 0(0) 0(0) g1  9gradual development of NFTs/NTs (8,10). Specific projection cells
31-35 58 (12) 0(0) 0(0) 0(0) sg  In the transentorhinal region (temporal lobe) are the first cortical
36-40 81 (22) 1(0) 1(0) 0(0) g3  Neurons to show the changes (stage I). The lesions then extend into
41-45 72 (27) 3() 3(3) 0(0) 7g  the entorhinal region proper (stage Il). These changes develop
46-50 115 (44) 8(7) 5 (5) 1(0) 129  Ppreferably in the absence of amyloid deposits (Fig. 3). A signifi-
51-55 139 (67) 18 (16) 6 (5) 2(2) 165 cant number of cases show early development of stage I/l
56-60 186 (113)  23(23) 10 (9) 5 (5) 224 Pathology (Fig. 3, second row). Proceeding toward higher age
61-65 174 (117) 42 (40) 28 (22) 4(3) 248 Ccategories, the relative frequency of stage I/ll cases increases,
66-70 167 (123) 63 (61) 53 (53) 17 (16) 300 'eaches a culmination point, then decreases. Note in separate
71-75 148 (125) 65(63) 48 (44) 29 (27) 299 lllustrations that the culmination point of stage | cases is reached
76-80 120 (110) 69 (68) 80 (79) 46 (43) 315 atayounger age than that of stage Il cases (Fig. 4, left half). The
81-85 118(116) 85(85) 107 (106) 95 (93) 405 Pathological process then proceeds into both the hippocampus and
86-90 60 (57) 40 (39) 68 (68) 67 (67) 235 the temporal proneocortex (stage lll), then reaches association
91-95 15 (15) 10 (10) 19 (19) 26 (26) 70  areas of the adjoining neocortex (stage IV). Eventually, the lesions
spread superolaterally (stage V) and extend into the primary areas
1513 428 428 202 2661 of the neocortex (stage VI). This pattern bears a resemblance to the
inverse sequence of cortical myelination (11). The limbic stages
Cases displaying presence of neurofibrillary changes in brackets.  llI/IV (Fig. 3, third row) and neocortical stages V/VI (Fig. 3,

fourth row) display only an ascending portion of the age distribu-
tion. The prevalence of stage V/VI cases increases with age. The
arithmetic means of the relative frequency in the occurrence of

changes seen in the brain consist of NTs and NFTs; NPs develoﬁFT/NT'St(jlges increase with age (Fig. 4, lower portion of the

later. The distribution of NPs is patchy and differs from that of ght half).

NFTs/NTs and of amyloid precipitations. Only a few of the many

neuronal types in the brain are capable of developing NTs/NFT§£ombinations between Amyloid- and NFT/NT-Stages in Three

(8,10). Poorly myelinated areas and/or layers display a higheAge Ranges

density of neurofibrillary changes than those rich in myelin (11).  gjyteen combinations are possible among cases without amy-

Entangled neurons eventually die. The pathological material i§oq geposits or neurofibrillary changes, the amyloid stages A, B,

then converted into a less densely tW|st¢d extraneuronal “ghostcy and the NFT/NT-stagestI, Ill +1V, and V+VI (Table 4).

tangle (3,6). Fresh NFTS/NTs and a variable number of “ghost's,me of these occur more frequently than others. The pattern of

tangles usually co-occur; just “ghost” tangles alone were NOle prevailing combinations changes with age. A rough division

observed in the material examined. into three age categories permits recognition of the major trend.
The frequently encountered combination of absence of both
amyloid deposits and neurofibrillary changes in the younger group
decreases with age, and the combination of amyloid-stage C with

TABLE 3 NFT/NT-stages V-VI increases. In general, initial neurofibrillary
NUMBER OF CASES AT NFT/NT-STAGES |-Vl OR DEVOID OF changes (stages I-Il) develop in the absence of amyloid deposits,
NEUROFIBRILLARY CHANGES IN VARIOUS AGE CATEGORIES while stages V-VI are associated with amyloid-stage C (Table 4).
Age Stage Stage Stage Total
Category No Change 1/ v VIVI Number DISCUSSION
26-30 50 (0) 11 (1) 0(0) 0(0) 61 The clinical diagnosis of AD is fraught with difficulty and
31-35 46 (0) 12 (0) 0(0) 0(0) sg  definite diagnoses cannot presently be made. Both false positive
36-40 61 (2) 22 (0) 0(0) 0(0) g3 and false negative diagnoses occur in a significant proportion o.f
41-45 47 (2) 31 (4) 0(0) 0(0) 7g  cases, underlining the necessity for postmortem evaluation. Epi-
46-50 72 (1) 55 (12) 2 (1) 0(0) 129  demiological studies often focus on avoiding selection bias, yet
51-55 75 (3) 86 (20) 3(1) 1(1) 165  Still face the problem of inaccurate diagnoses (1,17,20,22,25,27).
56-60 74 (1) 141 (30) 4(1) 5 (5) 224  Postmortem assessments offer the advantage of unambiguous
61-65 65 (8) 176 (63) 5(1) 2(2) 248  diagnoses, however, they unavoidably fail to be representative of
66-70 46(2)  216(104)  32(21) 6 (6) 300 @ living population (21). o
71-75 27 (4) 200 (91) 53 (37) 10 (10) 290 The slow progression in the clinical symptoms of AD reflects
76-80 12 (2) 185(101) 97(72)  21(20) 315 the gradual development of the brain changes (4,14,18,19,24).
81-85 3(1) 210 (117) 147 (124) 45 (45) 405 Most conventional criteria for a postmortem diagnosis permit
86-90 4(1) 108 (67) 84 (68) 39 (39) 235  recognition of fully developed AD, but fail to correctly distinguish
91-95 0(0) 27 (17) 26(21) 17 (17) 70  the broad spectrum of cases with less severe changes. Application
of the staging system takes into consideration the gradual progres-
582 1480 453 146 2661  sion of AD, provides accurate diagnoses in the initial phases, and

even takes note of the brain changes preceding the appearance of
Cases displaying presence of amyloid deposits in brackets. clinical symptoms. The basic assumptions underlying the proce-
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FIG. 4. Left: Relative frequency of cases showing stage | and stage Il in the development of NFTs/NTs (same design as in Fig.
3). Initial neurofibrillary changes usually develop in the absence of amyloid deposits. Some individuals develop stage | pathology
early in life. Old age is not a prerequisite for the evolution of the neurofibrillary changes. Note the shift towards higher
age-categories with progress from stage | to stage Il. Right: The arithmetic means of stages of amyloid depoditsB(A

2, C = 3) and neurofibrillary pathology increase with age. Age is a risk factor for AD.

dure are corroborated by the finding that early stages occudemonstrated fresh NFTS/NTSs, indicating that the pathological
preferably in relatively young individuals, and the more advancedorocess was continuing at the time of death. Spontaneous remis-
stages appear with increasing age (28). It is important to note thation does not occur. Once the destructive process has begun it
not a single stage I-VI case showed “ghost” tangles alone; allmmutably progresses.

PERCENTAGE OF THE VARIOUS COMBINATIONS BETWEEN AMYLOID

A small proportion of cases develop amyloid deposits and/or

NFTs/NTs at a surprisingly young age (Figs. 2 and 3). Advanced

TABLE 4 age is no prerequisite for the evolution of the changes. Develop-
ment of the changes are frequently attributed to noxious influences

(0, A, B, C) AND NFT/NT STAGES (0, I-I, ll-IV, V=VI) IN THREE expected to increase in severity in old age (peroxidative stress,
AGE-RANGES mitochondrial dysfunction, imbalance of glucose metabolism)
(2,5,16,29,30). The fact that initial lesions may develop in a young
Age (vears) 0 A B ¢ and otherwise healthy brain should stimulate studies to determine
36-55 whether or not such influences can be demonstrated even in these

0 53.30 1.32 0.44 0.00 Very early stages.

-1l 34.70 5.05 2.64 0.22 As in many other neurodegenerative diseases, the pathological
M=V 0.40 0.22 0.22 0.22 process underlying AD can be recognized over extended periods of
V—VI 0.00 0.00 0.00 0.22 time before the onset of clinical symptoms. Data on the appearance
5675 _of stage | cases are of particular interest,_ because they pr0\_/ide

information about the actual spread of the disease. To find the first
0 18.55 0.67 0.85 0.00  neurofibrillary changes in a voluminous organ such as the human

il 41.80 16.50 9.70 113 prain might seem to be an almost hopeless undertaking. However,
=V 3.20 1.04 2.64 1.98  with knowledge of the predilection sites of the initial NFTS/NTSs,
V-V 0.00 0.10 0.00 2.07  the task can be accomplished. Many of the stage | cases die of
76-95 causes other than AD, and only a proportion of them live long

0 146 0.20 0.20 0.00 enoqgh to arrive at end stages V-VI. I_n higher age categories, th(_e

- 22 20 14.65 12.30 254 relative frequency of stage I/ll cases increases, reaches a culmi-
iy, 6.73 5.07 12.78 995 hation point, then decreases. At stages llI-IV, severe destruction of
VoV 0.10 0.00 1.46 1034 the cortex is already observed; however, it is focused on the

entorhinal region and adjoining areas. Because of the probable
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presence of initial symptoms and the characteristic brain destruc-
tion, stage Ill-1V cases are considered to correspond to clinically 115 study was supported by grants from the Deutsche Forschungsge-

incipient AD (4,14,18,24). Stages V/VI correspond to the clinical meinschaft, the Bundesministeriurir fildung, Wissenschaft, Forschung
picture of fully developed AD. They are increasingly prevalent und Technologie, and Degussa, Hanau. The skillful assistance of Ms. Szasz

with increasing age (Fig. 3, fourth row).

10.

11.

12.

13.

14.

15.

. Benzi, G.; Moretti, A. Are reactive oxygen species involved in

357

ACKNOWLEDGEMENTS

(drawings) is gratefully acknowledged.

REFERENCES

. Bachman, D. L.; Wolf, P. A.; Linn, R. T.; Knoefel, J. E.; Belanger, 16.

A. J.; White, L. R.; D’Agostino, R. B. Incidence of dementia and
probable Alzheimer's disease in a general population: The Framing17.
ham study. Neurology 43:515-519; 1993.

. Balazs, L.; Leon, M. Evidence of an oxidative challenge in the

Alzheimer’s brain. Neurochem. Res. 19:1131-1137; 1994, 1

. Bancher, C.; Brunner, C.; Lassmann, H.; Budka, H.; Jellinger, K;

Wiche, G.; Seitelberger, F.; Grundke-Igbal, I.; Wisniewski, H. M.
Accumulation of abnormally phosphorylategrecedes the formation

of neurofibrillary tangles in Alzheimer's disease. Brain Res. 477:90— 4
99; 1989.

. Bancher, C.; Braak, H.; Fischer, P.; Jellinger, K. A. Neuropathological

staging of Alzheimer lesions and intellectual status in Alzheimer’s and
Parkinson’s disease. Neurosci. Lett. 162:179-182; 1993.

Alzheimer's disease? Neurobiol. Aging 16:661-674; 1995. 20.

. Braak, E.; Braak, H.; Mandelkow, E. M. A sequence of cytoskeleton

changes related to the formation of neurofibrillary tangles and neuropil
threads. Acta Neuropathol. 87:554-567; 1994. 21.

. Braak, H. Architectonics of the human telencephalic cortex. Berlin:

Springer; 1980:1-147.

. Braak, H.; Braak, E. Neuropathological stageing of Alzheimer-related

changes. Acta Neuropathol. 82:239-259; 1991.

. Braak, H.; Braak, E. Demonstration of amyloid deposits and neurofi-23.

brillary changes in whole brain sections. Brain Pathol. 1:213-216;
1991.

Braak, H.; Braak, E. Pathology of Alzheimer's disease. In: Calne,24.
D. B., ed. Neurodegenerative diseases. Philadelphia: Saunders; 1994:
585-613.

Braak, H.; Braak, E. Development of Alzheimer-related neurofibrillary o5
changes in the neocortex inversely recapitulates cortical myelogenesis.
Acta Neuropathol. 92:197-201; 1996. 2
Braak, H.; Braak, E.; Ohm, T. G.; Bohl, J. Silver impregnation of
Alzheimer’'s neurofibrillary changes counterstained for basophilic
material and lipofuscin pigment. Stain Technol. 63:197-200; 1988.
Braak, H.; Braak, E.; Kalus, P. Alzheimer’s disease: Areal and laminar
pathology in the occipital isocortex. Acta Neuropathol. 77:494-506;
1989.

Braak, H.; Duyckaerts, C.; Braak, E.; Piette, F. Neuropathological28'
staging of Alzheimer-related changes correlates with psychometrically
assessed intellectual status. In: Corian, B.; Igbal, K.; Nicolini, M.;
Winblad, B.; Wisniewski, H.; Zatta, P. F., eds. Alzheimer's disease:
Advances in clinical and basic research. Third International Confer-29.
ence on Alzheimer's Disease and Related Disorders. Chichester:
Wiley; 1993:131-137.

Braak, H.; Braak, E.; Yilmazer, D.; de Vos, R. A. |.; Jansen, E. N. H.; 30.
Bohl. J. Pattern of brain destruction in Parkinson’s and Alzheimer’s
diseases. J. Neural. Transm. 103:455-490; 1996.

Choi, B. H. Oxidative stress and Alzheimer’'s disease. Neurobiol.
Aging 16:675-678; 1995.

Corrada, M.; Brookmeyer, R.; Kawas, C. Sources of variability in

prevalence rates of Alzheimer's disease. Int. J. Epidemiol. 24:1000—
1005; 1995.

8. Duyckaerts, C.; He, Y.; Seilhean, D.; DalaeP.; Piette, F.; Braak, H.;

Hauw, J. J. Diagnosis and staging of Alzheimer's disease in a
prospective study involving aged individuals. Neurobiol. Aging
15(Suppl 1):140-141; 1994.

. Duyckaerts, C.; Delae, P.; He, Y.; Camilleri, S.; Braak, H.; Piette, F.;

Hauw, J. J. The relative merits of tau- and amyloid markers in the
neuropathology of Alzheimer's disease. In: Bergener, M.; Finkel, S. I.
eds. Treating Alzheimer's and other dementias. New York: Springer;
1995:81-89.

Ebly, E. M.; Parhad, I. M.; Hogan, D. B.; Fung, T. S. Prevalence and
types of dementia in the very old: Results from the Canadian study of
health and aging. Neurology 44:1593-1600; 1994.

Harrell, L. E.; Callaway, R.; Powers, R. Autopsy in dementing illness:
Who participates? Alzheimer Dis. Assoc. Disord. 7:80—87; 1993.

22. Hofman, A.; Rocca, W.; Brayne, C. The prevalence of dementia in

Europe: A collaborative study of the 1980-1990 findings. Int. J.
Epidemiol. 20:736-748; 1991.

Igbal, K.; Braak, H.; Braak, E.; Grundke-Igbal, I. Silver labeling of
Alzheimer neurofibrillary changes and brgdramyloid. J. Histotech-
nol. 16:335-342; 1993.

Jellinger, K.; Braak, H.; Braak, E.; Fischer, P. Alzheimer lesions in the
entorhinal region and isocortex in Parkinson’s and Alzheimer’s dis-
eases. Ann. N.Y. Acad. Sci. 640:203-209; 1991.

. Jorm, A. F. The epidemiology of Alzheimer's disease and related

disorders. London: Chapman and Hall; 1990.

6. Katzman, R.; Kawas, C. The epidemiology of dementia and Alzhei-

mer's disease. In: Terry, R. D.; Katzman, R.; Bick, K. L., eds.
Alzheimer’s disease. New York: Raven Press; 1994;105-122.

27. Mortimer, J. Epidemiology of dementia: international comparisons. In:

Brody, J. A.; Maddox, G. L. eds. Epidemiology and aging: An
international perspective. New York: Springer; 1988:150-164.

Ohm, T. G.; MUer, H.; Braak, H.; Bohl, J. Close-meshed prevalence
rates of different stages as a tool to uncover the rate of Alzheimer’'s
disease-related neurofibrillary changes. Neuroscience 64:209-217;
1995.

Pappolla, M. A.; Omar, R. A; Kim, K. S.; Robakis, N. K. Immuno-
histochemical evidence of antioxidant stress in Alzheimer's disease.
Am. J. Pathol. 140:621-628; 1992.

Volicer, L.; Crino, P. B. Involvement of free radicals in dementia of
the Alzheimer’s type: A hypothesis. Neurobiol. Aging 11:567-571;
1990.




