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Abstract
Background: The primary goal of this study was to examine the influence of the co-existence of multiple chronic 

conditions on the longitudinal decline in cognitive performance among elderly individuals of the nationally representative 
Aging Demographic and Memory Study.

Methods: Retrospective longitudinal cohort study of individuals aged 70 years or above. Random effect ordinal 
logistic regression analysis was performed to assess the impact of co-existing chronic conditions on the longitudinal 
decline in cognitive function (transitioning from normal functioning to cognitive impairment (no dementia (CIND) to 
dementia) among older adults. Principal component factor analysis was conducted to identify the clusters of chronic 
health conditions.

Results: About 35% of respondents had at least one of four cardiovascular risk factors (diabetes, hypertension, 
high cholesterol or heart problems). The odds of remaining in normal cognitive status (compared to CIND and 
dementia) were 56% lower for those who experienced an incidence of stroke at baseline compared to those who did 
not experience a stroke incidence. Cardiovascular risk factors were not associated with cognitive decline. 

Conclusions: The lack of significant impact of cardiovascular (CVD) risk factors on cognitive decline may be 
attributable to indirect but important pathways through which CVD factors are associated with a stroke incidence. 
The importance of this topic remains as the prevalence of dementia and other cognitive impairments is increasing 
worldwide, and our limited findings underscore the imperative need for longitudinal studies with a larger group of 
geriatric patients and wider use of brief assessments of cognitive status. Due to the complexity of managing chronic 
cardiovascular disease, establishment of a care coordination manager as a bridge between patients and other medical 
specialists may improve clinical outcomes and prevent cognitive decline.
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Introduction
The prevalence of dementia among elderly Americans aged 71 

and older was 14% in 2002, comprising about 3.4 million individuals 
including approximately 10% with Alzheimer’s disease (AD) [1]. Based 
on recent estimates from the 2010 U.S. Census data and Chicago 
Health and Aging Project, the estimated prevalence of AD for people 
aged 65 or older in 2010 was 4.7 million and is projected to be 13.8 
million in 2050 [2]. However, a milder age-related deficit, cognitive 
impairment no dementia (CIND), also affects a large proportion of 
the elderly population in the United States. CIND is the similar clinical 
state as mild cognitive impairment, which is the most widespread term 
used to characterize the clinical state between normal cognition and 
dementia [3]. CIND is defined in Aging Demographic and Memory 
Study (ADAMS) as mild cognitive or functional impairment reported 
by either participants or informants, or impaired test performances of 
neuropsychological tests that did not qualify for dementia [4]. According 
to Plassman et al. 22% of individuals aged 71 or older in the US had 
CIND in 2002 [4]. Cognitive decline that does not qualify as a dementia 
diagnosis is associated with increased risks for progression to dementia, 
with 10% to 15% progressing per year compared with 1% to 2.5% among 
age-matched cognitively healthy older adults [4]. Dementia is a disease 
of particular concern as memory loss and cognitive impairment lead 
to functional disability and loss of independence that have significant 
economic and social impacts on families and healthcare systems [5]. 

As the prevalence of cognitive impairment and dementia increases, 
the care for impaired individuals incurs substantial direct and indirect 

costs. Medicare costs for individuals with AD and related dementias are 
projected to double from $91 billion in 2005 to more than $189 billion 
in 2015, unless effective treatment or prevention strategies become 
available to delay the onset or slow the progression of the disease [6]. 
For AD and other dementias, 15.2 million US citizens provided 17.4 
billion hours of care for a family member or close friend in 2011 [7]. 
The economic value of care provided “informally” by family and friends 
was estimated to be $210.5 billion in 2011. The incremental annual 
cost to US businesses from lost productivity associated with family 
caregiving for persons with dementia was $36.5 billion [8]. Delaying the 
onset of AD by just 5 years would reduce the prevalent cases by 50%, [9] 
which would have a huge public health impact. From the costs saving 
perspective, a 30-day delay in institutionalization for patients with 
moderate to severe AD would result in savings of $1863 per person per 
month [10]. One recent estimate indicates that each month’s delay in 
institutionalization may save as much as $2029 in direct healthcare costs 
and other costs associated with counseling, education and caregiver 
supports [11]. Apart from heath care costs associated with impaired 
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cognitive function, dementia is thought of as one of the leading causes 
of non-fatal disability in developed countries; by 2030, it will be the 
third leading cause of years of life lost due to death and disability. The 
dramatic impact of AD and other forms of dementia suggest the need to 
explore all possible factors that influence the onset and/or progression 
of cognitive decline in older adults.

Evidence suggests that chronic diseases and associated risk factors 
may impact the risk of cognitive decline and dementia. Medical 
conditions such as heart disease [12], hypertension [13], diabetes 
[14], and stroke [15] can contribute to cognitive decline. Specifically, 
Knopman et al. [13] found that hypertension and diabetes mellitus were 
positively related to cognitive decline, while Ivan et al. [15] documented 
that a history of stroke was associated with an increased risk of dementia 
compared with age- and sex-matched controls. 

Although a large and growing segment of the elderly population 
in the US has been diagnosed with multiple chronic conditions, little is 
known about how clusters of conditions may influence cognitive decline. 
About 62% of Americans over age 65 have multiple chronic conditions 
[16]. To date, associations between chronic diseases and cognitive decline 
have been studied as if these conditions occur in isolation, one at a time. 
Understanding how combination of conditions impact cognitive decline 
over time is critical for improving cognitive health of the elderly. However, 
empirical evidence of the longitudinal impact of comorbid chronic 
conditions on cognitive trajectories is lacking. 

Identifying specific combinations of chronic conditions that 
may influence the transitions from normal cognition to cognitive 
impairment to dementia is a major public health priority as this may 
highlight opportunities for interventions to delay cognitive decline 
and reduce social and economic burdens of the disease. Particularly, 
positive gains from prevention strategies such as stroke prevention, or 
reduction in cardiovascular risk factors (modifying lifestyle behaviors 
such as lack of exercise, smoking) may delay cognitive decline and 
lower its prevalence. In this study, we aimed to identify combinations 
of comorbid conditions associated with the longitudinal decline in 
cognitive status among the elderly. Our study hypothesis was that 
individuals with co-occurring conditions were more likely to transition 
into lower cognitive status over time. 

Study Design and Methods 
This was a retrospective longitudinal study of persons aged 70 

years or above who participated in the ADAMS. ADAMS was a 
stratified random sample of Health and Retirement Study (HRS) 
respondents selected for intensive in-home cognitive assessments to 
provide national estimates of the prevalence of dementia and CIND. 
The ADAMS subsample of 1770 respondents (drawn from the original 
HRS sample), aged 70 years and older, both community-dwelling and 
individuals living in nursing homes, was selected based on cognitive 
performance in the HRS wave before the ADAMS interview (HRS-2000 
or 2002) [17]. A series of neuropsychological and clinical assessment 
tests assessed cognitive functioning of ADAMS participants (N=856) 
during the baseline interview, which occurred between July 2001 and 
December 2003 [18]. This represents participation of 56% of the non-
deceased eligible respondents for ADAMS. Reasons for non-response 
included refusal to participate in ADAMS (26%), deceased before 
the interview (13%), lost contact (3%), and other reason (7%). No 
systematic relationship was found between non-response and baseline 
cognitive status among ADAMS participants [19]. In addition, there 
was no indication of the mortality-based sample selection bias in the 
final ADAMS sample, which confirms that the natural mortality of 

ADAMS sample does not include any sample selection or attrition bias 
in the final sample.

The ADAMS examination was an in-person structured assessment 
conducted by a nurse and a neuropsychology technician. The full details 
of assessments tests and diagnostic procedures are described elsewhere 
[17]. In summary, the following information about the participant 
was collected from a knowledgeable informant: medical history, 
current neuropsychiatric symptoms, chronological history of cognitive 
symptoms, family history of memory related problems, and severity 
of cognitive and functional impairment. During the assessment, the 
participant completed a battery of neuropsychological measures; a self 
-reported depression measure; a standardized neurologic examination;
a blood pressure measurement; collection of buccal DNA samples for
apolipoprotein E (APOE) genotyping; and a 7-minute, videotaped
segment covering portions of the cognitive status and neurologic
examinations. The detailed in-home assessment took 3-4 hours,
and the final dementia diagnosis was made by a consensus panel of
neuropsychologists, neurologists, geropsychiatrists, and internists who
reviewed the in-home assessments and assigned final diagnoses.

Diagnoses were divided into 3 categories: normal cognition, CIND 
and dementia. The consensus panel used clinical judgment to assign 
the final diagnosis, based on the following criteria. Dementia diagnosis 
was based on guidelines from the Diagnostic and Statistical Manual 
of Mental Disorders, Revised Third Edition; [20] the Diagnostic and 
Statistical Manual of Mental Disorders, Fourth Edition; [21] diagnoses 
of Alzheimer disease and other types of dementia were based on 
currently accepted criteria [22-25]. The definition of CIND and its 
subtypes was on the basis of the accumulated clinical experience of 
a group of researchers common to ADAMS and other epidemiologic 
studies of dementia [4,26,27].

The first follow-up visits among all initial (baseline) participants 
who were still alive in 2006 and not previously diagnosed with dementia 
were conducted between July 2006 and May 2008 (82% response rate net 
of mortality). The reassessment was performed with 315 respondents 
to document any change in cognitive functioning over time. Second 
follow-up visits were completed among 217 respondents from January 
2008 through December 2009. Linking the ADAMS sample to the 
expansive HRS data that included chronic conditions, behavioral risk 
factors, demographics and socioeconomic characteristics provided a 
unique opportunity to study the impact of combinations of chronic 
conditions on longitudinal progression of cognitive decline among 
the HRS cohort. Figure 1 below provides the conceptual model of 
trajectories of cognitive decline operationalized with HRS-ADAMS 
data. The upright dotted lines indicate potential points of intervention 
to prevent transition to CIND or dementia. Our conceptual model 
shows what individual characteristics can potentially be predictive 
of dementia and the timing of measurements of those factors in the 
empirical model.

Study Sample
Figure 2 presents the distribution of respondents transitioning 

into different cognitive status during the study period. Respondents 
diagnosed with AD (229) and other dementias (79) at the baseline were 
excluded. Our sample included respondents (N=315) diagnosed with 
normal status or CIND at baseline, reassessed during two follow-ups 
(2006-2008 and 2008-2009, respectively). Seven respondents with a 
diagnosis of CIND at baseline reverted to normal and were excluded 
from the analytic sample. This exclusion resulted in a final sample of 
308 respondents.
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Variable Measures
Outcome variable

The outcome of interest was the clinical determination of cognitive 
status. Diagnoses of dementia and CIND are described in the method 
section. Our outcome variable was an ordered categorical variable with 
3 categories: normal, CIND and dementia. The transition in cognitive 
status during the study period is shown in Figure 2. 

Independent variables measured at baseline

Figure 1 describes the timeline of study variables included in 
analysis. The baseline survey included a list of chronic health conditions 
related to cardiovascular disease (diabetes, hypertension, heart disease, 
stroke, cholesterol). For each condition, respondents answered (yes/
no) the survey question “has a doctor ever had told you that you had 
the condition?” Self-reported history of psychiatric disorder was also 
assessed and included in the analysis. A set of sociodemographic 
characteristics such as gender, education (number of completed 
years), and race/ethnicity (White, non-White reference category) 
were adjusted in the analysis. Behavioral health risk factors included 
former smoking, current smoking, heavy drinking (more than 1 drink/
day for female and more than 2 drinks/day for men), and physical 
inactivity. Physical inactivity was measured by the participation in 

regular vigorous physical exercise less than 3 times per week during the 
12 months prior to baseline. These indicators were summed to create 
a summary count of behavioral health risk factors. Because it is well 
known that the likelihood of dementia increases with age, we did not 
include age as an independent covariate rather captured time interval 
between assessments of disease status. We created a continuous variable 
measuring the time (in years) between the first and second assessments 
and the second and third assessments for each respondent in the 
sample. We also constructed a comorbidity score counting presence 
or absence of the four chronic health conditions that loaded onto the 
primary factor identified in the factor analysis as described in the next 
section (range 0-4).

Analytic Strategy

Principal components factor analysis was performed to identify 
relationships among prevalence of chronic conditions among sample 
members. Factor analysis is a widely used statistical technique that 
allows the data to determine how individual characteristics can 
be grouped together based on their inter-individual correlation 
coefficients. The factor analysis uses correlation coefficients to create 
the factor grouping (grouping on chronic conditions) that may coexist 
in patients (e.g. co-existence of diabetes, hypertension, cholesterol and 
heart problems). Grouping of conditions was based on factor loadings, 
which indicate the relative contribution that each individual condition 
contributes to the factor. Supplementary Figures 3a, 3b, and 3c (shown 
in the Appendix) showed factor loadings of 3 factors identified from 
the principal component factor analysis. The factor grouping was based 
on the value of factor loading for each condition and conditions were 
grouped into same factor with factor loading of 0.5 or higher. Based 
on this strategy, hypertension (loading of 0.51), diabetes (loading 
of 0.60), heart problems (loading of 0.68), and cholesterol (loading 
of 0.64) were grouped into comorbidity factor 1, while stroke and 
psychiatric condition remained as separate factors as factor 2 and factor 
3 respectively. A factor score was calculated based on the prevalence of 
each condition in factor 1 as a continuous variable ranges from 0-4 (0 
meaning no prevalence of any of 4 conditions, and 4 indicating existence 
of all four conditions) and this continuous measure was included in the 
multivariate model. 

    Random effects ordinal logistic regression models estimated the 
probability of transitioning between cognitive status from baseline to 
the successive time points. Models assessed clinical and demographic 
covariates. Because it is well known that the likelihood of dementia 
increases with age, our model did not include age as an explanatory 

Figure 1: Conceptual model of longitudinal cognitive decline in the HRS-ADAMS.

Figure 2: Sample respondents transitioning into different cognitive status 
during study period (2000-2009).

Figure 3: Factor loadings among chronic conditions based on factor analysis.
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variable, rather we presumed that assessment time as an indicative of age. 
Specifically we accounted for longitudinal dependence by including an 
individual-specific random intercept in the proportional odds model. 
The model can be written in terms of latent-response formulation by 
specifying a random intercept model for the latent disease status *

ijy  as

1
* /
ij ij ij j ijy xβ ζ= + +ò ;                                                                   (1)

Where The overall intercept of the cumulative logits is 1jζ , hence 

varies over individual j . We assume that ( )1 | ~  ,  j ijxζ Ν ψ0  where Ψ is 
the random intercept variance-covariance matrix, 1jζ  are independent 
across individuals; and 1  | ,  ij ij jx ζò  have logistic distribution and 
independent across individuals and occasions. The continuous latent 
responses *

ijy are related to the ordinal severity of cognitive status 

variable ijy  via the threshold relationships
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Where  k1, k2, K3 are threshold categories to determine the cognitive 
status. The model was estimated via gllamm procedure using Stata 11 
(STATA Corporation, College Station, TX). 

There were 62 respondents whose disease statuses were missing at 
the third measurement period due to the death or lost to follow-up for 
some other reasons. We performed sensitivity analysis by assuming that 
these 62 respondents could have three possible disease statuses at the 
end of the study period: transitioned to dementia, remained in the same 
cognitive status since the second measurement point, and deteriorated 
to the next lower category compared to the disease status at the second 
measurement point. We then compared results with the original sample 
where data for these 62 sample members who were ignored due to 
missing value of the outcome variable at the third time point.

Results
Descriptive statistics

Table 1 provides characteristics of our study sample. The majority 
of sample participants were aged 70-79 years with the average age of 76 
years (standard deviation of 5.5). The sample had a range of education 
levels including 28% with less than a high school education. The ethno/
racial composition included 87% non-Hispanic White participants. 
About 54% of respondents were female. Four health problems loaded 
significantly onto factor 1 in the factor analysis: diabetes, hypertension, 
cholesterol, and heart problems. Thirty-five percent of respondents 
had one chronic health problem of the comorbidity factor 1, 24% had 
2 out of 4 conditions that were grouped into factor 1, 12% identified 
3 comorbid conditions and 25% of respondents had none of these 
4 conditions. About 10% of respondents had stroke and 22% had 
psychiatric problems at baseline.

Table 2 presents the results from the random intercept model 
including odds ratios from the three random-intercept ordinal logistic 
models. The first model included our comorbidity factor score as well 
as incidence of stroke and psychiatric condition at baseline. Factor 
score reflecting the co-existence of diabetes, hypertension, cholesterol 
and heart problems did not appear to be a significant predictor of the 
transitioning from normal to CIND and to dementia status (OR=0.92, 
95% CI: 0.77-1.07); however, an incidence of stroke significantly 

predicted transition to dementia compared to normal. The odds 
of remaining in normal cognitive status (compared to CIND and 
dementia) were 56% lower for those who reported an incidence of 
stroke at baseline compared to those who did not experience a stroke 
incidence (OR=0.44). After adjusting for demographic variables in the 
second model, we observed a significant impact of education on the 
change on cognitive status (OR=1.10 per point increase in education 
level, range 1-18). Individuals with higher number of schooling years 

Variables Frequency (%)
Demographic
Age (mean=76, SD=5.5)
70-79 yrs 70
80-89 yrs 27
90 and above 3
Gender
Female 55
Male 45
Education
0-11 yrs 28
12 yrs 30
Above 12 yrs # of years (mean=11.6, SD=3.6) 42
Race/Ethnicity
White 87
Non-White 13
Health Behavior
Smoking
Current 9
Ever 53
Drinking 25
Physical Exercise 44
Chronic health Conditions
Hypertension 59
Diabetes 18
Cholesterol 42
Heart problems 34
Stroke 10
Psychiatric problems 22
Chronic conditions
Chronic conditions Clustersa

0-1 conditions 24
2 conditions 16
3-4 conditions 24
aThe cluster includes: diabetes, hypertension, cholesterol and heart problems.

Table 1: Descriptive of Study Sample at Baseline (N=308).

Variables Model 1 Model 2 Model 3
Comorbidity clustera 0.92 (0.93) 0.96 (0.41) 0.97(0.29)
Stroke 0.44 (2.31)* 0.44 (2.35)* 0.49(2.26)*

Psychiatric problem 0.97 (0.08) 0.88 (0.44) 0.92(0.30)
Time 0.54 (5.91)* 0.52 (6.16)* 0.51(6.29)*

Female - 0.67 (1.95)* 0.73(1.51)
White - 1.23 (0.79) 1.16(0.58)
Education - 1.10 (3.00)* 1.10(3.08)*

Health risk behaviors - - 0.79(1.96)*

Constant 1 -4.4(13.28)* -3.4(7.52)* -2.34(6.02)*

Constant 2 -1.8(6.85)* -0.81(1.94) 0.11(0.31)
Notes: aIt is a interval measure indicating # of conditions present out of 4 
clustered conditions (diabetes, hypertension, heart problems, and cholesterol), 
Absolute value of Z-statistics are shown in parentheses. *p ≤ 0.05.

Table 2: Odds Ratios from the Random Effects Ordered Logistic Model (Dependent 
Variable=Disease status: 1=dementia; 2=CIND and 3=Normal).
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completed were more likely to remain in the normal cognitive status. 
Result indicated that an increase in each year of schooling increases 
the likelihood of being in normal cognitive status by 10%. In the full 
model, which accounted for behavioral health risk factors, we found 
a significant association between the prevalence of higher number of 
health risk behaviors and lower odds of maintaining normal cognitive 
status (OR=0.79). We did not observe any significant impact of the co-
existence of multiple chronic conditions (such as diabetes, hypertension, 
cholesterol and heart problems; OR=0.97, n.s.) on the deterioration of 
cognitive status over time.

Finally, recognizing the important potential role of CVD risk 
factors, we conducted a sub-analysis looking at the association with 
stroke. Based on one-way analysis of variance, the mean number of 
co-occurring cardiovascular risk factors is higher among persons 
with stroke relative to those without (F-value=11.50; p<0.001). This 
association may in part explain the lack of an independent effect of 
CVD in our primary model. 

Discussion
The current study investigated the impact of co-existence of chronic 

health conditions on the longitudinal transition of cognitive status 
among older adults. We did not find evidence to support our hypothesis 
that co-existence of multiple chronic conditions (diabetes, hypertension, 
cholesterol and heart problems) influence the deterioration of cognitive 
function over time. The longitudinal association between stroke incident 
and cognitive decline, however, further confirmed the importance of 
primary prevention of stroke in prevention of cognitive decline over 
time. Although post-stroke dementia has been extensively examined, 
the decline in cognitive function among normal elderly and individuals 
with CIND has received less attention. We confirmed that incidence of 
stroke not only increases the risk of dementia, but also increases the risk 
of cognitive decline in the elderly. 

The lack of significant finding regarding our primary hypothesis 
may reflect a lack of power, as our sample was small. If diabetes and 
cardiovascular conditions affect cognitive change through ischemic 
event, stroke incidence may explain much of the effect of these 
prevalent diseases on longitudinal decline in cognitive functioning [28]. 
Few studies have assessed the needed baseline data and longitudinal 
outcomes of cognitive status over a sufficient period of time. Evidence 
suggests that increased use of preventive treatments and reducing 
cardiovascular risk factors including hypertension, cholesterol and 
diabetes leads to decline in stroke incidence [29,30]. Ciccone et al. 
review suggests the mechanisms that may underlie the connection 
between prediabetes, cardiovascular disease, and stroke [31]. It has 
been well documented that diabetes is associated with increased risk 
of stroke [32]. According to the World Heart Federation, hypertension 
alone accounts for 50% of ischemic stroke incidence [33]. Furthermore, 
co-existence of diabetes and hypertension increases the risk of stroke 
twice compared to only hypertension. Protecting against cardiovascular 
risk factors leads to decline in stroke incidence significantly [4]. We 
found that mean number of co-existent cardiovascular risk factors is 
significantly higher for individuals with a history of stroke compared 
with those without. This observation implies that cardiovascular risk 
factors are likely to be responsible for the underlying mechanism or 
indirect pathway that increases the risk of cognitive decline attributed 
to stroke in this population. 

The current study finds that strokes as well as risky lifestyle factors 
(smoking; drinking; sedentary habits) are significant predictors of 
cognitive decline over time. Since cardiovascular risk factors (such as 

diabetes, hypertension or high cholesterol) are likely to be associated 
with a stroke incident and also smoking and low physical activity level, 
the need for better management of cardiovascular risk factors may 
reduce the likelihood of stroke and hence prevent cognitive decline 
due to stroke incidence. Due to complexity of management of chronic 
cardiovascular disease, establishment of the care manager, as a bridge 
between patients and other medical specialists may improve clinical 
outcomes and prevent adverse health consequences [34]. For example, 
project Leonardo indicated that the presence of a care manager for 
patients with cardiovascular disease can offer positive impact on patient 
health and self-management. In this project care managers acted as key 
healthcare collaborators between patients and primary care physicians 
and hence offered opportunities for better clinical and health related 
outcomes [35]. Future research may consider these potentially 
important factors in preventing cognitive decline over time.

The main limitation of our study was the small sample size with 
measures of cognitive status in all three time points. Clearly, lack of 
disease status information of our 62 sample members decreased the 
likelihood of detecting effect of our ‘comorbidity cluster’ variable on 
the longitudinal decline in cognitive functioning. We did find, however, 
that this limitation was outweighed by an extensive assessment of 
cognitive performance measures by an expert team in conjunction 
with medical record history and clinical diagnosis mechanisms; these 
all increase the likelihood of accurate diagnosis of cognitive status in 
a national sample over the period of ten years. Another limitation is 
that due to retrospective nature of the study, causal inferences about 
cognitive decline cannot be established. Also, it is not possible to 
ascertain that clinical manifestation of cognitive decline occurred after 
the diagnosis of chronic disease and therefore comorbid conditions are 
indeed precursor of cognitive decline. This information would require 
having data on timing of clinical diagnosis of chronic conditions in 
this population, a goal for future researchers to target. However, The 
importance of this topic remains, and our limited findings underscore 
the imperative need for larger studies and wider use of brief assessments 
of cognitive status among geriatric patients, repeatedly over the many 
years of old age. With the rapidly increasing number of large health care 
systems using electronic medical record systems that can incorporate 
patient-reported outcomes and status measures such as cognitive 
functional status, we strongly advocate for identification of the most 
efficient yet accurate measures and for their inclusion in routine care visits.

In conclusion, we found no evidence of the influence of co-
existence of multiple chronic conditions (especially cardiovascular 
risk factors) on longitudinal decline in cognitive status. However, 
incidence of stroke contributes independently to the longitudinal 
decline in cognitive status. Therefore we believe that prevention, early 
detection and appropriate management of cerebrovascular disease may 
ameliorate cognitive functioning among older adults.
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