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CVD and Cognitive AbilityCVD and Cognitive Ability

ØØ CVD is related to lower cognitive performanceCVD is related to lower cognitive performance
ll Hypertension/heart disease & MMSE (Starr et al., 1993)Hypertension/heart disease & MMSE (Starr et al., 1993)
ll Carotid artery thickening & MMSE (Johnston et al., 2004)Carotid artery thickening & MMSE (Johnston et al., 2004)
ll Congestive heart failure & neuropsychological tests (Congestive heart failure & neuropsychological tests (TrojanoTrojano et et 

al., 2003)al., 2003)
ØØ Longitudinal research has also shown a Longitudinal research has also shown a 

relationship of CVD to change in cognitive relationship of CVD to change in cognitive 
performanceperformance
ll Hypertension & decline in psychomotor speed (Hypertension & decline in psychomotor speed (CarmelliCarmelli et al., et al., 

1998), digit symbol tests (1998), digit symbol tests (KnopmanKnopmanet al., 2001), and MMSE et al., 2001), and MMSE 
((ComijsComijs et al., 2004)et al., 2004)

ll Hypertension/heart disease & neuropsychological tests (Elias et Hypertension/heart disease & neuropsychological tests (Elias et 
al., 1996)al., 1996)

ll CVD & perceptual speed and fluency (CVD & perceptual speed and fluency (VerhaeghenVerhaeghenet al., 2003)et al., 2003)
ØØ Primarily older samplesPrimarily older samples

Current StudyCurrent Study

ØØ Existing cognitive database from the Existing cognitive database from the 
Seattle Longitudinal StudySeattle Longitudinal Study

ØØ Richer medical data recently availableRicher medical data recently available
ØØWide age range Wide age range –– 36 to 77 years at T136 to 77 years at T1
ØØ Cognitive ability measured with factor Cognitive ability measured with factor 

scoresscores
ll Multiple indicators of each domainMultiple indicators of each domain

Seattle Longitudinal StudySeattle Longitudinal Study

ØØ Began in 1956Began in 1956
ØØ Testing cycles in 7Testing cycles in 7--year waves: 1963, year waves: 1963, 

1970, 1977, 1984, 1991, 19981970, 1977, 1984, 1991, 1998
ØØ Participants drawn from the membership Participants drawn from the membership 

of an HMOof an HMO
ØØ 1984: cognitive battery expanded to have 1984: cognitive battery expanded to have 

multiple indicators of 6 domains (factors) multiple indicators of 6 domains (factors) 
of cognitive ability of cognitive ability ((SchaieSchaie, , DuttaDutta, & Willis, 1991), & Willis, 1991)

Cognitive Ability FactorsCognitive Ability Factors

ØØ Verbal MemoryVerbal Memory
ll PMA Word FluencyPMA Word Fluency

ll Immediate RecallImmediate Recall
ll Delayed RecallDelayed Recall

ØØ Numeric AbilityNumeric Ability
ll PMA NumberPMA Number
ll AdditionAddition

ll Subtraction and Subtraction and 
MultiplicationMultiplication

ll Number ComparisonNumber Comparison

ØØ Inductive ReasoningInductive Reasoning
ll PMA ReasoningPMA Reasoning

ll ADEPT Letter SeriesADEPT Letter Series
ll Word SeriesWord Series

ll Number SeriesNumber Series

ØØ Spatial OrientationSpatial Orientation
ll PMA SpacePMA Space

ll Object RotationObject Rotation
ll Alphanumeric RotationAlphanumeric Rotation

ll Cube ComparisonCube Comparison

Cognitive Ability FactorsCognitive Ability Factors

ØØ Perceptual SpeedPerceptual Speed
ll Identical PicturesIdentical Pictures

ll Finding AFinding A’’ss
ll Number ComparisonNumber Comparison

ll PMA Word FluencyPMA Word Fluency
ll PMA Verbal MeaningPMA Verbal Meaning

ØØ Verbal AbilityVerbal Ability
ll PMA Verbal MeaningPMA Verbal Meaning

ll ETS VocabularyETS Vocabulary
ll Advanced VocabularyAdvanced Vocabulary

ll PMA Word FluencyPMA Word Fluency
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Medical Record InfoMedical Record Info

ØØ 19561956--1991: medical records for 1991: medical records for selectedselected SLS SLS 
participants were abstracted by hand & participants were abstracted by hand & 
diagnoses tabulateddiagnoses tabulated

ØØ 1992: HMO members1992: HMO members’’ medical records were medical records were 
computerizedcomputerized

ØØ 2001: computerized medical records were 2001: computerized medical records were 
obtained for participants in the 1998 SLS wave obtained for participants in the 1998 SLS wave 
who were enrolled in the HMOwho were enrolled in the HMO
ll Physician and hospital visitsPhysician and hospital visits
ll Diagnoses coded in ICDDiagnoses coded in ICD--9 format9 format

CVD status groupsCVD status groups

ØØ Based on ICDBased on ICD--9 diagnosis codes in the 9 diagnosis codes in the 
medical recordsmedical records
ll 410410--438: heart and cerebrovascular disease438: heart and cerebrovascular disease

•• Myocardial infarctionMyocardial infarction
•• Pulmonary heart diseasePulmonary heart disease

•• Congestive heart failureCongestive heart failure
•• IntracerebralIntracerebral hemorrhagehemorrhage

ll 401401--405 only: hypertension only405 only: hypertension only
ll No diagnoses in 401No diagnoses in 401--438: no CVD438: no CVD

Analysis SampleAnalysis Sample

ØØ Participated in both the 1991 and 1998 Participated in both the 1991 and 1998 
SLS wavesSLS waves

ØØ Between 36Between 36--77 years old in 199177 years old in 1991
ØØ HMO medical record data availableHMO medical record data available
ØØ 891 participants891 participants

ll 54% were 60 years or older54% were 60 years or older
ll 56% females56% females
ll 96% Caucasian96% Caucasian
ll Average education = 15.4 years (range=7Average education = 15.4 years (range=7--20)20)

DescriptivesDescriptives: By CVD group: By CVD group

283283124124484484NN

14.914.915.015.015.815.8Avg. Avg. EducEduc..

76%76%56%56%40%40%% % ==60 yrs60 yrs

53%53%43%43%39%39%% males% males

CVDCVDHypertension Hypertension 
onlyonly

No CVDNo CVD

Research Question #1Research Question #1

ØØ Is there differential cognitive change Is there differential cognitive change 
between 1991 and 1998 for individuals between 1991 and 1998 for individuals 
with CVD versus no CVD?with CVD versus no CVD?

ØØ By genderBy gender
ØØ By age groupBy age group

ØØ 2 CVD status x 2 gender x 2 age group x 2 CVD status x 2 gender x 2 age group x 
2 time repeated measures ANOVA2 time repeated measures ANOVA

Cognitive Change: CVD vs. no CVDCognitive Change: CVD vs. no CVD
Verbal Memory: CVD*Gender*Time (p<.05)
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Cognitive Change: CVD vs. No CVDCognitive Change: CVD vs. No CVD

Verbal Ability: CVD*Gender*Time (p<.05)
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No CVD Male
No CVD Female
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CVD Female

Cognitive Change: CVD vs. No CVDCognitive Change: CVD vs. No CVD

Numeric Ability: CVD*Time (p<.01)
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Cognitive Change: CVD vs. No CVDCognitive Change: CVD vs. No CVD

Perceptual Speed: CVD*Time (p<.05)
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Summary of Question #1Summary of Question #1

ØØ Males with CVD showed greater decline than Males with CVD showed greater decline than 
males without CVD for verbal memory and males without CVD for verbal memory and 
verbal abilityverbal ability

ØØ Similar rates of decline in verbal memory and Similar rates of decline in verbal memory and 
verbal ability were observed for females with verbal ability were observed for females with 
CVD and females without CVDCVD and females without CVD

ØØ Decline for CVD group was greater than no CVD Decline for CVD group was greater than no CVD 
group on numeric ability and perceptual speedgroup on numeric ability and perceptual speed

ØØ No difference between CVD groups over time on No difference between CVD groups over time on 
inductive reasoning or spatial orientationinductive reasoning or spatial orientation

Research Question #2Research Question #2

ØØ Is there differential cognitive change Is there differential cognitive change 
between 1991 and 1998 for individuals between 1991 and 1998 for individuals 
with hypertension only versus no CVD?with hypertension only versus no CVD?

ØØ By genderBy gender
ØØ By age groupBy age group

ØØ 2 CVD status x 2 gender x 2 age group x 2 CVD status x 2 gender x 2 age group x 
2 time repeated measures ANOVA2 time repeated measures ANOVA

Cognitive Change:Cognitive Change:
Hypertension Only vs. No CVDHypertension Only vs. No CVD

ØØ Only inductive Only inductive 
reasoning had reasoning had 
significant change significant change 
over time involving over time involving 
CVD statusCVD status
ll Older participants Older participants 

showed similar decline, showed similar decline, 
regardless of regardless of 
hypertension statushypertension status

ll Younger hypertensive Younger hypertensive 
participants showed participants showed 
more decline than more decline than 
younger participants younger participants 
without hypertensionwithout hypertension

Inductive Reasoning:
CVD x Age x Time (p<.01)
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<60 yrs No CVD <60 yrs Hypertension

>=60 yrs No CVD >=60 yrs Hypertension
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Research Question #3Research Question #3

ØØ Among Among hypertensiveshypertensives, is there differential , is there differential 
cognitive change for those taking BP cognitive change for those taking BP 
medications versus those not taking BP medications versus those not taking BP 
medications?medications?
ll By genderBy gender
ll By age groupBy age group

ØØ 2 medication status x 2 gender x 2 age 2 medication status x 2 gender x 2 age 
group x 2 time repeated measures group x 2 time repeated measures 
ANOVAANOVA

Medication StatusMedication Status

ØØ Determined with HMODetermined with HMO--provided provided 
prescription recordsprescription records

ØØMedicationsMedications
ll DiureticsDiuretics
ll AntihypertensivesAntihypertensives (primarily ACE inhibitors)(primarily ACE inhibitors)
ll 61% of hypertensive participants took one or 61% of hypertensive participants took one or 

both of these medication classesboth of these medication classes

HypertensivesHypertensives: Meds vs. No Meds: Meds vs. No Meds

ØØ Only verbal memory Only verbal memory 
had significant had significant 
change over time change over time 
involving BP medsinvolving BP meds
ll MalesMales: Cognitive : Cognitive 

change did not differ change did not differ 
as a function of as a function of 
medsmeds

ll FemalesFemales : Those not : Those not 
taking BP meds had taking BP meds had 
a decline; those a decline; those 
taking BP meds had taking BP meds had 
an increasean increase

Verbal Memory:
Meds*Gender*Time (p<.05)
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Males No BP Meds Males BP Meds
Females No BP Meds Females BP Meds

ConclusionsConclusions

ØØ Differences in cognitive change demonstrated at Differences in cognitive change demonstrated at 
the factor level for CVD groupsthe factor level for CVD groups
ll Greatest differences in cognitive change were for Greatest differences in cognitive change were for 

serious CVD versus no CVDserious CVD versus no CVD
ll HypertensivesHypertensives differed from no CVD on inductive differed from no CVD on inductive 

reasoning onlyreasoning only
ll Gender difference in cognitive change was in Gender difference in cognitive change was in 

opposite directions for the comparison of CVD/No opposite directions for the comparison of CVD/No 
CVD and CVD and HypertensivesHypertensives with & without Medicationswith & without Medications

ØØ Age range was wide and included younger Age range was wide and included younger 
individualsindividuals

Future DirectionsFuture Directions

ØØ Diagnosis onsetDiagnosis onset
ØØ Change over longer periods of timeChange over longer periods of time

ll Differences in medical record infoDifferences in medical record info
ll Much smaller sampleMuch smaller sample

ØØMore specific CVD groups and More specific CVD groups and 
medications (e.g., medications (e.g., statinsstatins))
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