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Abstract

Introduction:Mild to moderate exercise may decrease Alzheimer’s disease (AD) risk,

but the effects of vigorous, regular physical exercise remain unclear.

Methods: Two patients with initial diagnoses of amnestic mild cognitive impairment

(MCI) demonstrated positive AD biomarkers throughout 16 and 8 years of follow-up,

with final diagnoses of mild AD and amnesticMCI, respectively.

Results: Patient 1 was diagnosed with amnestic MCI at age 64. Neuropsychologi-

cal testing, magnetic resonance imaging (MRI), fluorodeoxyglucose–positron emission

tomography (FDG-PET), amyloid imaging PET, and cerebrospinal fluid (CSF) biomark-

ers during follow-ups remained consistent with AD. By age 80, progression was

minimal with Montreal Cognitive Assessment (MoCA) 26 of 30. Patient 2 was diag-

nosed with amnestic MCI at age 72. Neuropsychological testing, MRI, FDG-PET, and

amyloid imaging PETduring follow-ups remained consistentwithAD. At age 80,MoCA

was 27 of 30 with no clinical progression. Both patients regularly performed vigorous,

regular exercise that increased after retirement/work reduction.

Discussion: Vigorous, regular exercise may slow disease progression in biomarker-

positive amnesticMCI andmild AD.
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1 INTRODUCTION

Patients with Alzheimer’s disease (AD) may show minimal short-term

improvement in cognitive functioning with cholinesterase inhibitors

and memantine, but modification of the progressive disease course

is difficult to achieve.1 Among lifestyle factors, physical exercise

is associated with a decreased risk of cognitive impairment and

AD.2,3 Self-reported moderate physical exercise is associated with

a decreased risk of mild cognitive impairment (MCI)2 and regu-

lar walking in middle-aged adults is associated with a decreased

dementia risk.3 In MCI, which is often a precursor to AD, aero-

bic exercise has shown positive effects on cognition and physical

functioning,4 but in the EXERT study, moderate aerobic exercise

did not differ from stretching exercises in cognitive outcomes over

12months.5

In an observational study of patients with AD, greater duration of

physical exercise was associated with less cognitive and functional

decline over 3 years.6 In controlled clinical trials, however, physical

exercise has not consistently slowed cognitive decline in AD.7,8 Among

recent meta-analyses, one found some evidence of a beneficial effect

of physical exercise for cognitive symptoms in AD,7 but another did

not.8 This discrepancy may be related to differing selection criteria for

studies in meta-analyses, partly because of marked heterogeneity in

physical exercise interventions and lack of blindness of raters in most

studies.7,8

Nearly all published studies have evaluated mild to moderate exer-

cise for a fewmonths to2yearswithout regular exercisebeing required

during the entire follow-up period.7 Therefore, the potential disease-

modifying effect of vigorous, regular physical exercise over several

years to decades in AD is unknown.

Alzheimer’s Dement. 2023;1–6. © 2023 the Alzheimer’s Association. 1wileyonlinelibrary.com/journal/alz
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2 DEVANAND ET AL.

We report on two patients who received an initial diagnosis of

amnestic MCI, had positive AD biomarkers, and were evaluated regu-

larly during 16 and 8 years of follow-up, respectively. At last follow-up,

their diagnoses were mild AD and amnestic MCI, respectively, with

minimal cognitive and functional declineduring follow-up.Upon review

of possible contributors to their strikingly benign, atypical clinical

course, we identified vigorous, regular exercise as the likely disease-

modifying factor.

2 METHODS

Both patients were evaluated at New York University Langone Health

(NYULH) Barlow Center for Memory Evaluation and Treatment. Dur-

ing recent follow-ups they participated in a National Institute on Aging

(NIA)–supported multicenter clinical trial, Valacyclovir Treatment of

Alzheimer’s disease (VALAD), which is led by Columbia University

(D.P.D.). VALAD is a randomized, double-blind, placebo-controlled clin-

ical trial (blinding will be maintained until the end of 2023) that

compares valacyclovir to placebo in patients with clinical AD demen-

tia who are seropositive for herpes simplex virus 1 or 2.9 Both patients’

clinical and research records were reviewed by A.V.M. and cross-

checked by T.W., who has been their neurologist. Both patients and

their spouses were interviewed to obtain complete information that

was confirmed by the research team, including clarification of any

discrepancies.

3 RESULTS

The demographic, clinical, neuropsychological, and AD biomarker

results for both patients are described in Table 1.

Patient 1 presented at age 64 with memory complaints at another

hospital and received a clinical diagnosis of amnestic MCI. Neuropsy-

chological testing revealed impairment in visual memory and executive

function. Magnetic resonance imaging (MRI) and fluorodeoxyglucose–

positron emission tomography (FDG-PET) were unremarkable. All

subsequent follow-up visits were conducted at NYULH. Neuropsycho-

logical testing at 1- to 3-year intervals consistently revealed cognitive

deficits with extremely slow cognitive decline. When the patient was

67, FDG-PET showed decreased parietotemporal metabolism consis-

tent with an AD etiology, and this finding persisted with repeat FDG-

PET and 99Tcm-hexamethylpropyleneamine oxime (HMPAO SPECT)

scans during the subsequent decade (Table 1). Cerebrospinal fluid

(CSF) biomarkers obtained at age 69 supported an AD etiology

(Table 1). Follow-up MRI scans revealed atrophy in several brain

regions and progressive left temporal atrophy, mild cerebrovascu-

lar disease, and a small, stable meningioma. From age 76 to 78,

the patient participated in VALAD. In the trial, at pre-randomization,

florbetapir PET scan was read radiologically as amyloid positive. Stan-

dardized uptake value ratio (SUVR)was 1.56with cerebellar reference,

ascertainedbyestablished researchmethods10 (Table1). FolsteinMini-

RESEARCH INCONTEXT

1. Systematic Review: Based on the clinical course of the

two patients in this brief report, the authors reviewed

the literature using traditional (e.g., PubMed) sources

and meeting abstracts and presentations. Recent meta-

analyses on the effects of exercise in minimal cogni-

tive impairment (MCI) and Alzheimer’s disease (AD) are

appropriately cited.

2. Interpretation: Our findings suggest that vigorous, reg-

ular exercise over many years to decades, which has not

been studied systematically, may slow disease progres-

sion in amnesticMCI andmild AD.

3. Future Directions: If this initial report leads to future

prospective, controlled studies that confirm that vigor-

ous, sustained exercise can slow disease progression,

widespread adoption of this approach is likely with major

public health implications. Delaying AD disease progres-

sion by even a few yearswill lead to enormous health care

and societal cost-savings.

Mental State Examination (MMSE) score declined from28/30 to25/30

during the last 10 years of follow-up.

The patients had treated atrial fibrillation, thyroid disease, hyper-

tension, and hyperlipidemia. A lawyer and judge, he retired at age 75.

He played bridge regularly and always handled his own finances. His

exercise regimen involved general physical activity and playing tennis

regularly, which increased after retirement to 4 to 6 times per week,

averaging 2 hours on each occasion. He and his wife reported that he is

an intense, competitive tennis player.

Patient 2 presented with memory complaints at age 72. Neu-

ropsychological testing revealed memory impairment consistent with

amnestic MCI. MRI showed atrophy and a likely venous malformation

in the superior lateral aspect of the right intraconal orbit. FDG-PET

showed bilateral temporoparietal hypometabolism consistent with an

AD etiology. The clinical diagnosis was amnestic MCI likely due to AD.

At age 76, neuropsychological testing showed marked anterograde

memory impairment with initial encoding followed by rapid forgetting.

MRI and FDG-PET abnormalities were unchanged (Table 1). Amyloid

PET scans were read as positive for AD: florbetapir PET at age 73 and

flutemetamol at age 75. In theVALAD trial, the pre-randomization flor-

betapir PET scan was read radiologically as positive for AD and SUVR

was 1.93 (Table 1). His clinical diagnosis remained amnestic MCI with

Folstein MMSE changing from 27 to 26 over 8 years. Montreal Cog-

nitive Assessment (MoCA) scores were in the normal range at age 77

(26/30) and age 79 (27/30).

He had gout, atrial fibrillation, hyperlipidemia, and a history of Lyme

disease treated successfully with doxycycline. He reduced his work

as an engineering management consultant from full time to part time
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DEVANAND ET AL. 3

TABLE 1 Characteristics of two patients with vigorous, regular exercise and slowAlzheimer’s disease progression

Variable Patient 1 Patient 2

Demographics

Male Male

Age at initial evaluation 64 years 72 years

Number of years of follow-up 16 8

Age at last follow-up 80 years 80 years

Occupation Lawyer, judge, retired age 74 Engineer/consultant, now part-time

Race White White

Marital status Married Married

Medical history

Comorbidmedical illnesses Arthroscopic knee surgery, post-thyroid tumor

removal, hypertension, hyperlipidemia, atrial

fibrillation

Gout, atrial fibrillation, hyperlipidemia,

history of treated Lyme disease

Medications at initial evaluation Atorvastatin, aspirin, atenolol, valsartan, Synthroid Atenolol, allopurinol, atorvastatin,

dabigatran, digoxin, omeprazole

Medications at last follow-up Atorvastatin, donepezil, memantine, escitalopram,

azelastine, gabapentin, labetalol, oxybutynin,

levothyroxine, calcium/vitaminD3, tamsulosin,

losartan, warfarin, valsartan

Colchicine, famotidine, digoxin, atenolol,

donepezil, memantine, atorvastatin,

dabigatran, multivitamin

Physical examination

BMI during follow-up 27.20 to 29.45 21.64 to 23.49

Vital signs at initial evaluation BP 120/80, HR 63/min BP 120/60, HR 71/min

Vital signs at last follow-up BP 136/96, HR 77/min BP 144/81, HR 76/min

Gait and focal neurological signs Non-focal during follow-up, slight R> L action

tremor by history, not on exam

Non-focal exam throughout

Lifestyle

Exercise General physical activity, tennis 4–6 times weekly

average 2 h daily

Daily elliptical trainer, treadmill, Peloton

cycling, tennis: total 3–4 h daily. Golf.

Cognitive activity at initial visit Plays bridge frequently Working full-time, consultant

Cognitive activity at last visit Plays bridge frequently Working part-time, consultant

Diet No special diet No special diet

Alcohol/substance use, smoking Rarely drinks alcohol Rarely drinks alcohol

Cognition/function

Cognitive symptoms initial visit Memory complaints Memory complaints

Cognitive symptoms last visit Misplacing objects, rarely getting lost when driving,

nomistakes playing bridge

Forgetting recent events and information

FolsteinMMSE out of 30 Age 70: 28; age 76: 28; age 79: 25 Age 72: 27; age 80: 26

MoCA out of 30 Age 76: 24; Age 78: 25 Age 77: 26; Age 79: 27

Clinical dementia rating Age 64-75 years: 0.5; age 76-80: fluctuates from

0.5 to 1.0

Age 72-80 years: 0.5

Neuropsychological assessment Age 64 (initial): Impaired visual memory and

executive function. Age 65, 67:Mild declines in

semantic and phonemic fluency, complex figure

copy, executive function. Age 74: impaired

delayed verbal memory, significant decline in

letter fluency. Age 77: mild naming and

borderline visuospatial impairment. Age 79:

stable deficits in visuospatial and perceptual

reasoning, naming, verbal and nonverbal recall,

executive function.

Age 72 (initial): RBANSDelayedMemory

Index Score in the Borderline Impaired

Range.

Age 76: Anterogradememory impairment

markedly below normal for age. Verymild

executive dysfunction (perseverative

responding). Largely stable findings

compared to 4 years earlier.

(Continues)
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4 DEVANAND ET AL.

TABLE 1 (Continued)

Variable Patient 1 Patient 2

AD biomarkers

MRI brain From age 64: Scans done at 1- 4-year intervals on 5

occasions showedminimal chronic ischemic

change and a posterior right frontal convexity

meningiomawith an adjacent calcified lesion.

Scans ages 74 to 78: atrophy in bilateral superior

parietal gyri, left primary central gyrus, and left

anterior medial temporal gyrus, progression of

left temporal lobe volume loss consistent with

AD.

Age 72:Mild biparietal atrophy; 1.1× 0.8 cm

T2 hyperintense, T1 isointensemass

within the superior lateral aspect of the

right intraconal orbit. Scans ages 74 to 80:

moderate cerebral volume loss,

ventricular enlargement, hippocampal

asymmetry, scatteredwhitematter

hyperintense foci. No change in T1mass

over time.

FDG-PET or HMPAO SPECT Age 64 (FDG-PET): Unremarkable

Ages 67 and 70 (FDG-PET): Symmetrically

decreased activity in the temporoparietal lobes

andmedial frontal lobes consistent with AD. Age

71 (HMPAO SPECT): Mild decreased uptake in

bilateral temporal and parietal lobes. Ages 73, 75,

79 (FDG PET): stable tominimal progression in

lateral temporoparietal and precuneus

hypometabolism.

Age 72 (FDG-PET): Mild bilateral

temporoparietal hypometabolism; no

abnormal FDGuptake in 0.7 cm intraconal

mass seen onMRI. Age 76 (FDG-PET): no

change from prior FDGPET scan.

Amyloid PET scan Age 76 (Florbetapir): Clinical read: increased

amyloid uptake, diagnosis AD. SUVR 1.56.

Age 73 (Florbetapir): Clinical read:

increased amyloid uptake, diagnosis AD.

Age 76 (flutemetamol): Clinical read:

increased amyloid uptake, diagnosis AD.

Age 78 (Florbetapir): Clinical read:

increased amyloid uptake, diagnosis AD.

SUVR 1.93.

CSF Aβ, tau, p-tau initial eval Age 69: CSF: Aβ42 204.65 pg/mL, t-tau 233.3

pg/mL, p-tau181 52.3 pg/mL, ATI= 0.4; p-tau181

just below cutoff of 61 pg/mL for AD; ATI

consistent with AD.

Not done

APOE genotype ε3/ε3 ε3/ε3

Abbreviations: ATI, amyloid tau index; BMI, body mass index; BP, blood pressure; CSF, cerebrospinal fluid; FDG, fluorodeoxyglucose; HR, heart rate; MMSE,

Mini-Mental State Examination;MoCA,Montreal Cognitive Assessment; MRI, magnetic resonance imaging; PET, positron emission tomography.

at age 75. His intense exercise regimen included daily use of ellipti-

cal trainer, treadmill, and cycling with Peloton, plus tennis and golf

whenever possible. After shifting from full-time to part-time consult-

ing work, he engaged in intense physical exercise for 3 to 4 hours daily

(golf excluded), which was confirmed by his wife.

4 DISCUSSION

The two patients had initial clinical diagnoses of amnestic MCI with

final follow-up diagnoses of mild AD and amnestic MCI, respectively.

Both patients were biomarker positive for AD with CSF markers

(patient 1) and temporoparietal hypometabolism with FDG-PET and

abnormally elevated amyloid PET SUVR values (patients 1 and 2), con-

firminganADetiology.11 Global cognitivemeasures showedminimal to

no progression during follow-up. Annual MMSE declines averaged 0.3

points for patient 1 and0.125points for patient 2,which contrastswith

the average 2-pointMMSE annual decline in patientswithmild tomod-

erate AD.12 At recent follow-ups, MoCA scores for both patients were

in the normal range for age. Furthermore, both patients showed mini-

mal to no functional decline. Clinical trials of mild tomoderate exercise

in AD suggest a possible beneficial effect in some studies but several

studies have not shown efficacy.7,8 The two patients reported here

suggest that vigorous, regular exercise,which has not been studied sys-

tematically inMCI orAD,maybe needed to slowdisease progression in

biomarker-positive amnesticMCI or mild AD.

Both patients had multiple medical disorders and were not “super-

normal” in their general health status. The patients’ intense exercise

regimensmay have reduced the likelihood ofworsening ofmicrovascu-

lar disease on MRI brain scans. Both patients had a high level of edu-

cation, maintenance of cognitive-enhancing activities with cognitive

reserve, and an active social life. These factors may have contributed

to the lack of disease progression. However, with the increased time

available after retirement and reduction inwork schedule, respectively,

both patients did not increase their cognitive activities but rather

became more engaged in vigorous, regular physical exercise. Cogni-

tive training may have a small beneficial effect in MCI, but efficacy has

not been demonstrated consistently in AD.13 Diet was unremarkable

in both patients and unlikely to have contributed to slow disease pro-

gression.Bothpatients had theapolipoproteinE (APOE) ε3/ε3genotype
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DEVANAND ET AL. 5

(Table 1), which may be associated with less cognitive deterioration

than APOE ε4 (hetero- or homozygous) in AD, but the disease course

is not altered appreciably.14

Intense exercise increases both anaerobic and aerobic metabolism

with increase in blood flow and oxygenation.15 Animal models demon-

strate that exercise is associated with increased production of Brain-

Derived Neurotrophic Factor (BDNF), Vascular Endothelial Growth

Factor (VEGF), Glial cell-derived neurotrophic factor (GDNF), Insulin-

like growth factor-1 (IGF-I), and Fibronectin type III domain-containing

protein 5 (FNDC5/irisin), which are neurotrophic factors that stim-

ulate the processes of angiogenesis, synaptogenesis, neurogenesis,

and mitochondrial biogenesis.16 In humans, anti-aging/AD genes show

increased expression with physical activity, with overrepresentation

of genes involved in mitochondrial energy production, synaptic func-

tion, axonal function, and myelin integrity.17 Clearly, physical activity

has widespread beneficial neurobiological effects. Clinically, physical

exercisehasotherpositive effects including reduction in falls, improved

cardiovascular function, and decreasedmortality.6,18

Fewolder adults, however, engage in vigorous, regular physical exer-

cise, largely because of comorbidities and frailty.15 Vigorous, regular

exercise may work particularly well as a disease-modifying strategy in

individuals with regular exercise routines who can intensify their exer-

cise regimens. Thepatients’ clinical course suggests that the gradient of

moderate exercise being better thanmild exercise in patientswithMCI

needs to be extended to vigorous, regular, long-term exercise to slow

disease progression in biomarker-positive amnesticMCI and AD.3

Many adults remain largely unaware of the associations between

lifestyle activities, including physical exercise, and brain health and

illness.19 This case series has led to an innovative observation with

implications for a future clinical trial using intense exercise as an expo-

sure of interest. If the findings are confirmed in a larger clinical trial,

widespread adoption of this approach is likely with major public health

implications. Finally, delaying AD disease progression by even a few

years will lead to enormous health care and societal cost-savings.20
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